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FOREWORD 


This  report  summarizes  the  results  of  research  performed  under  Contract  F336 1 S- 
73-C-3150.  The  contractor  was  General  Dynamics  Corporation,  Fort  Worth,  TX.  The  work 
was  conducted  through  July  1974,  and  V.  L.  J.  Di  Rito  and  N.  Papke  were  project 
managers/monitois. 

The  work  was  sponsored  by  JTCG/AS  as  part  of  a 3-year  TEAS  (Test  and  Evaluation 
Aircraft  Survivability)  program.  The  TEAS  program  was  funded  by  DDR&E/ODDT&E.  The 
effort  was  conduct^  under  the  direction  of  the  JTCG/AS  Design  Criteria  Subgroup  as  part 
of  TEAS  element  5. 1. 8.  IT,  Military  Standard,  Definition  of  Survivability  I Vulnerability 
Terms. 

Much  work  has  been  accomplished  over  the  past  years  to  assess  and  enhance 
nonnuclear  combat  survivability  of  U.S.  aircraft.  Most  of  these  efforts  were  accomplished 
independently  by  various  government  agencies  and  industry.  A close  technical  working 
relationship  and  clear  communications  have  been  difficult  to  achieve  because  of  inconsistent 
terminolo^  relating  to  the  aircraft  nonnuclear  S/V  (survivability/vulnerability)  discipline. 

To  resolve  these  problems:  (1)  a well-defined  framework  of  the  S/V  discipline  was 
developed,  (2)  appropriate  and  specific  S/V  terms  were  analyzed,  (3)  inconsistencies  and 
ambiguities  were  resolved,  and  (4)  the  terms  were  defined  accurately. 

A proposed  Military  Standard  has  been  developed  that  contains  consistent  definitions 
of  S/V  terms  and  is  presented,  under  separate  cover,  as  an  enclosure  to  this  report. 


DISCLAIMER 

Estimates  in  this  report  are  not  to  be  construed  u an  official 
position  of  any  of  the  Services  or  of  the  Joint  DARCOM/ 
NMC/AFLC/AFSC  Commanders. 


NOTE 

Information  and  data  contained  in  this  document  are  based 
on  reports  available  at  the  time  of  preparation,  and  the 
results  nuy  be  subject  to  change. 
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Air  Force  Flight  Dynamics  Laboratory 

Proposed  MIL-STD-XXX  Aircraft  Nonnuclear  Survivability  I 
Vulnerability  Terms,  by  General  Dynamics  Corporation.  Wright- 
Patterson  Air  Force  Base,  OH,  AFFDL,  for  Joint  Technical 
Coordinating  Group/ Aircraft  Survivability,  October  1976,  22  pp. 
(JX^/AS-74-D-002,  publication  UNCLASSIFIED.) 

■^is  document  established  standard  definitions  for  aircraft 
nonnuclear  S/V  (survivability/vulnerability)  terms  so  communi- 
cation problems  that  have  confronted  S/V  practioners  and  workers 
in  allied  disciplines,  in  government  agencies  and  industry,  can  be 
resolved. 

The  terms  and  definitions  contained  herein  shall  be  used,  as 
applicable,  in  all  Department  of  Defense  studies,  reports, 
statements-of-work,  and  other  documentation  involving  non- 
nuclear aircraft  S/V. 

Proposed  MIL-STD-XXX,  consisting  of  159  pages,  is  an 
enclosure  under  separate  cover. 
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INTRODUCTION 


To  provide  the  vehicle  for  effective  and  nonambiguous  intra-  and  inter-disciplinary 
aircraft  survivability/vulnerability  communications,  a study  was  performed  and  a proposed 
MIL-STD  was  developed.  MIL-STD-XXX  is  included  as  an  enclosure  under  separate  cover. 
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Attn:  AIR-5203  (R.  Schmidt) 

Attn:  AIR-5204 

Attn:  AIR-5 204A  (D.  Atkinson) 

Attn:  AIR-5204J  (LT  COL  R.T.  Remers) 

Attn:  AIR-53031  (R.O.  Lutz)  ^ 

Attn:  AIR-530311  (J.J.  Schonowskl)  i 

Attn:  AIR-530313  (R.D.  Hume)  I 

Attn:  AIR-53032 

Attn:  AIR-531 

Attn:  AIR-5321  (H.  Omoff) 

Attn:  AIR-5323 

Attn:  AIR-53242  (C.F.  Magee) 

Attn:  AIR-53242B  (W.R.  McAnlnch) 

Attn:  AIR-53603B  (G.W.  Glgloll)  , 

Attn:  AIR-53631F 

Attn:  AIR-53632E  (C.D.  Johnson) 

Naval  Electronic  Systems  Command 
Washington,  DC  20360 

Attn:  PME-107  (CDR  W.G.  Carlson) 

Naval  Intelligence  Support  Center 
4301  Sultland  Rd. 

Washington,  DC  20390 

Attn:  NISC-3323  (R.E.  McGuire) 

I 

Naval  Material  Command  ^ 

Washington,  DC  20360 

Attn:  MAT-0331  (H.G.  Moore) 
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Naval  Ordnance  Station 
Indian  Head,  MD  20640 
Attn:  Code  51 

Attn:  Code  5123F  (D.H.  Brooks) 


Naval  Postgraduate  School 
Honterey,  CA  93940 

Attn:  Code  53WG  (P.C.C.  Wang) 

Attn:  Code  57BP  (R.E.  Ball) 

Attn:  Code  S7BT  (M.H.  Bank) 


Naval  Research  Laboratory 
Washington,  DC  20375 


Attn: 

Code 

2627 

Attn: 

Code  4109 

Attn: 

Code 

5330 

Attn: 

Code 

5367 

Attn: 

Code 

5470 

Attn: 

Code 

5550 

Attn: 

Code 

5730 

Attn: 

Code 

6000 

Attn: 

Code 

6360 

Attn: 

Code 

6410 

Attn: 

Code 

8430 

Attn: 

Code 

8432 

(Director) 

(J.M.  MacCallum) 
(R.J.  Adams) 
(D.L.  Rlngwalt) 
(R.D.  Mlsner) 
(J.R.  Anderson) 
(E.E.  Koos) 

(A. I.  Schindler) 
(R.W.  Rice) 

(J.T.  Schrlempf) 
(J.M.  Krafft) 
(H.L.  Smith) 


Naval  Sea  Systems  Command 
Washington,  DC  20362 
Attn:  SEA-03511  (C.H.  Pohler) 

Attn:  SEA-6543  (F.5f.  Sieve) 


Naval  Ship  Engineering  Center 
Hyattsvllle,  MD  20782 
Attn:  Code  610S>  (Y.H.  Park) 


Naval  Surface  Weapons  Center 
Dahlgren  Laboratory 
Dahlgren,  VA  22448 
Attn:  DF-52  (W.S.  Lena!) 

Attn:  DG-10  (J.E.  Ball) 

Attn:  DG-10  (S.  Hock) 

Attn:  DG-10  (T.L.  Wasmund) 

Attn:  DG-34  (F.J.  Petranka) 

Attn:  DG-104  (T.H.  McCants) 

Attn:  DK-20  (H.P.  Caster) 

Attn:  DK-2301  (B.W.  Montrlef) 

Attn:  DT-41  (C.P.  Hontgas) 

Attn:  DT-Sl  (J.F.  Horton) 

Attn:  Library  (A.D.  Hopkins) 
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Naval  Surface  Weapons  Center 
White  Oak  Laboratory 
Silver  Spring,  MD  20910 
Attn:  WA-11  (R.W.  Craig) 

Attn:  WA-11  (L.C.  Dixon) 

Attn:  WA-11  (E.F.  Kelton) 

Attn:  WU-41  (J.C.  Hetzler) 

Attn:  WX-21  (Library) 

Naval  War  College 
Newport,  RI  02840 
Attn:  President 

Naval  Weapons  Center 
China  Lake,  CA  93555 
Attn:  Code  31  (M.M.  Rogers) 

Attn:  Code  3121  (R.R.  Wahler) 

Attn:  Code  3123  (W.K.  Fung) 

Attn:  Code  315  (W.G.  Hueber) 

Attn:  Code  31701  (M.H.  Keith) 

Attn:  Code  318  (W.T.  Burt) 

Attn:  Code  318  (H.  Drake) 

Attn:  Code  318  (C.  Padgett) 

Attn:  Code  3181  (C.B.  Sandberg) 

Attn:  Code  3183  (G.  Moncsko) 

Attn:  Code  3185  (C.  Drlussl) 

Attn:  Code  35033  (W.W.  West) 

Attn:  Code  3507  (C.B.  May) 

Attn:  Code  351  (J.  Smith) 

Attn:  Code  3831  (M.E.  Backman) 

Attn:  Code  3943  (W.L.  Capps,  Jr.) 

Attn:  Code  3943  (W.W.  Claunch) 

Naval  Weapons  Support  Center 
Crane,  IN  47522 

Attn:  Code  502  (N.L.  Papke) 

Attn:  Code  502  (D.K.  Sanders) 

Attn:  Code  505  (J.E.  Short) 

Office  of  Naval  Research 
Arlington,  VA  22217 
Attn:  Code  210  (D.C.  Lauver) 

Attn:  Code  474  (N.  Perrone) 
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Pacific  Missile  Test  Center 

Point  Mugu,  CA  93042 
Attn:  Code  0160  (A.R.  Burge) 

Attn:  Code  1151  (R.L.  Nielson) 

Attn:  Code  1243  (D.H.  VRiittington) 

Attn:  Code  1251  (A.  Pignataro) 

Attn:  Code  1264  (D.L.  Hendrix) 

Attn:  Code  1332  (J.R.  Bok) 

Attn:  Code  1332  (W.E.  Chandler) 

Atm:  Code  1332  (B.E.  Nofrey) 

Atm:  Code  (LCDR  W.F.  Moroney) 

Attn:  Code  4253-3  (Technical  Library) 

Plcatlnny  Arsenal 

Dover,  NJ  07801 

Attn:  SARPA-AO-C  (S.K.  Elnbinder) 

Rock  Island  Arsenal 

Rock  Island,  IL  61201 

Attn:  DRSAR-PPV  (D.K.  Koteckl) 

Attn:  ORSAR-RDG  (L.J.  Artloll) 

Attn:  DRSAR-SAS  (S.  Olsen) 

Atm:  SARRI-LR  (C.S.  Hicks) 

Attn:  SARRl-LW-W  (J.S.  Hansen) 

San  Antonio  Air  Logistics  Center 

Kelly  AFB,  TX  78241 
Attn:  ALC/MMSRE 

Warner  Robins  Air  Logistics  Center 

Robins  AFB,  GA  31098 

Attn:  WRALC/MMET  (LT  COL  G.G.  Dean) 

Aeronutronlc  Ford  Corp. 

Ford  & Jamboree  Roads 

Newport  Beach,  CA  92663 
Attn:  Library 

Aeroquip  Corp. 

Subsidiary  of  Llbbey-Owens  Ford  Co. 

300  S.  East  Ave. 

Jackson,  MI  49203 
Attn:  R.  Rogers 

Attn:  E.R.  Steinert 
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AlResearch  Manufacturing  Co.  of  Arizona 
A Division  of  the  Garrett  Corp 
P.O.  Box  5217 
Phoenix,  AZ  85010 
Attn:  F.L.  Roberts 

AlResearch  Manufacturing  Co.  of  California 
A Division  of  the  Garrett  Corp. 

2525  W.  190th  St. 

Torrance,  CA  90509 
Attn:  Library 

Analytic  Services  Inc. 

5613  Leesburg  Pike 
Falls  Church,  VA  22041 

Attn:  Chief  Librarian  (F.G.  Blnlon) 

Armament  Systems,  Inc. 

712-F  North  Valley  Street 
Anaheim,  CA  92801 
Attn:  J.  Musch 

Arnold  Research  Organization,  Inc. 

Arnold  AFS,  TN  37389 
Attn:  T.J.  Glllard,  ETF 

Attn:  Library 

A.  T.  Kearney  and  Company,  Inc. 
Caywood-Schlller  Division 
100  South  Wacker  Drive 
Chicago,  IL  60606 
Attn:  P.C.  Hewett 

Attn:  R.H.  Rose 

AVCO 

Lycoming  Division 
550  South  Main  St. 

Stratford,  CT  06497 
Attn:  R.  Cuny 

Attn:  H.F.  Grady 

AVCO 

Systems  Division 
Lovell  Industrial  Park 
Lovell,  MA  01831 
Attn:  R.  Rouleau 
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Bat telle  Memorial  Institute 
505  King  Ave. 

Columbus,  OH  43201 
Attn:  J.H.  Brown  Jr. 

Attn:  J.P.  Loomis 

1 

Beech  Aircraft  Corp. 

9709  E.  Central  Ave. 

Wichita,  KS  67201 
Attn:  R.J.  Wood 

Attn:^  Engineering  Library  (T.R.  Hales) 

Boeing  Vertol  Company 
A Division  of  the  Boeing  Co. 

P.O.  Box  16858 
Philadelphia,  PA  19142 
Attn:  J.E.  Gonsalves,  M/S  P32-19 

Booz  . Allen  Applied  Research 
362  Beal  Parkway  N.W. 

Fort  Walton  Beach,  FL  32548 
Attn:  W.  R.  Day 

Cals pan  Corp. 

P.O.  Box  235 
Buffalo,  NY  14221 

Attn:  Library  (V.M.  Young) 

CDI  Corp. 

M & T Co.  ) 

2130  Arch  St. 

Philadelphia,  PA  19103 
Attn:  R.L.  Hall 

Attn:  E.P.  Lorge 

Center  for  Naval  Analyses 
1401  Wilson  Blvd. 

Arlington,  VA  22209 
Attn:  P.E.  DePoy,  OEG 

^ Cessna  Aircraft  Co. 

Wallace  Division  ) 

I P.O.  Box  1977 

{ Wichita,  KS  67201 

Attn:  B.B.  Overfield 

Attn:  Engineering  Library  (J.  Wilson) 
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Detroit  Diesel  Allison 
A Division  of  General  Motors  Corp. 

P.O.  Box  894 
Indianapolis,  IN  46206 
Attn:  R.L.  Jones,  Speed  Code  N24 

E-Systems  Inc. 

Greenville  Division 
P.O.  Box  1056 
Greenville,  TX  75401 

Attn:  C.H.  Hall,  8-55200C 

Attn:  C.L.  Phillips,  8-55230 

Attn:  Librarian  8-51120  (J.  Moore) 

Fairchild  Industries,  Inc. 

Fairchild  Republic  Co. 

Conklin  Street 

Farmlngdale,  L.I.,  NY  11735 
Attn:  J.A.  Arrlghl 

Attn:  G.  Mott 

Attn:  D.C.  Watson 

Attn:  Engineering  Library  (G.A.  Mauter) 

Falcon  Research  and  Development  Co. 

601  San  Pedro  NE 
Albuquerque,  NM  87108 
Attn:  W.L.  Baker 

Falcon  Research  and  Development  Co. 

696  Falrmount  Ave. 

Baltimore,  MD  21204 

Attn:  W.J.  Douglass,  Jr. 

Fiber  Science,  Inc. 

245  East  157th  St. 

Gardena,  CA  90248 
Attn:  D.  Ablldskov 

Fiber  Science,  Inc. 

7006  Sea  Cliff  Rd. 

McLean,  VA  22101 
Attn:  R.N.  Flath 

Firestone  Tire  & Rubber  Co. 

Firestone  Coated  Fabric  Co.  Division 
P.O.  Box  869 
MagnolU,  AR  71753 
Attn:  S.G.  Hew 

Attn:  L.T.  Reddick 
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General  Electric  Co. 

Aircraft  Engine  Business  Group 
1000  Western  Ave. 

West  Lynn,  MA  01910 

Attn:  E.L.  Richardson,  ELM,  24055 

Attn:  J.M.  Uannemacher 

General  Electric  Co. 

Aircraft  Engine  Business  Group 
Evendale  Plant 
Cincinnati,  OH  45215 

Attn:  AEG  Technical  Information  Center  (J.J.  Brady) 

General  Dynamics  Corp. 

Convalr  Division 
P.O.  Box  80877 
San  Diego,  CA  92138 

Attn:  M.  Kantor,  MZ  613-00 

Attn:  J.P.  Wasxczak,  MZ  646-00 

Attn:  Research  Library,  MZ  652-10  (U.J.  Sweeney) 

General  Dynamics  Corp. 

Fort  Worth  Division 
Grants  Lane,  P.O.  Box  748 
Fort  Worth,  TX  76101 

Attn:  P.R.  deTonnancour/G.W.  Bowen 

General  Research  Corp. 

P.O.  Box  3587 
Santa  Barbara,  CA  93105 
Attn:  J.H.  Cunningham 

Attn:  R.  Rodman 

Goodyear  Aerospace  Corp. 

Arizona  Division 
Litchfield  Park,  AZ  85340 
Attn:  D.E.  Zeslger 

Goodyear  Aerospace  Corp. 

1210  Massillon  Rd 
Akron,  OH  44315 

Attn:  T.L.  Shubert,  D/910 

Attn:  H.D.  Smith,  D/490G-2 

Attn:  J.E.  Wells,  D/959 

Attn:  Library,  D/152G,  (R.L.  Vlttltoe/J.R.  Wolfersberger) 
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Grumman  Aerospace  Corp. 

South  Oyster  Bay  Rd. 

Bethpage,  NY  11714 

Attn:  J.P.  Archey  Jr.,  D/662-E-14,  Plant  05 

Attn:  R.W.  Harvey,  D/661,  Plant  05 

Attn:  H.L.  Henze,  D/471,  Plant  35 

Attn:  Technical  Information  Center,  Plant  35  (J.  Davis) 

Hughes  Helicopters 
A Division  of  Summa  Corp. 

Centlnela  & Teale  St. 

Culver  City,  CA  90230 

Attn:  R.E.  Rohtert,  15X288 

Attn:  Library,  2/T2124  (D.K.  Goss) 

ITT  Research  Institute 
10  West  35  Street 
Chicago,  XL  60616 
Attn:  K.  McKee 

Attn:  I.  Plncus 

Institute  for  Defense  Analyses 
400  Army-^lavy  Drive 
Arlington,  VA  22202 
Attn:  J.  Metzko,  HSEG 

Attn:  F.G.  Parsons,  USEG 

Attn:  J.R.  Transue 

JG  Engineering  Research  Associates 
3831  Menlo  Dr. 

Baltimore,  MD  21215 
Attn:  J.E.  Greenspon 

Kaman  Aerospace  Corporation 
Old  Wlnsor  Rd. 

Bloomfield,  CT  06002 
Attn:  H.E.  Showalter 

Lockheed-Callfomla  Co. 

A Division  of  Lockheed  Aircraft  Corp. 

P.O.  Box  551 
Burbank,  CA  91520 
Attn:  L.E.  Channel 

Attn:  C.W.  Cook,  75-84 

Attn:  Technological  Information  Center,  84-40 
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Lockheed-Georgla  Co. 

A Division  of  Lockheed  Aircraft  Corp. 

86  S.  Cobb  Drive 
Harletta,  GA  30063 

Attn:  D.R.  Scarbrough,  72-08 

Attn:  Sci-Tech  Info  Center,  72-34  (C.K.  Bauer) 

Martin  Marietta  Corp. 

Orlando  Division 
P.O.  Box  5837 
Orlando,  FL  32805 

Attn:  Library  (M.C.  Griffith) 

McDonnell  Douglas  Corp. 

3855  Lakewood  Blvd. 

Long  Beach,  CA  90846 

Attn:  Technical  Library,  Cl  290/36-84 

McDonnell  Douglas  Corp. 

P.O.  Box  516 
St.  Louis,  MO  63166 
Attn:  R.D.  Detrlch 

Attn:  R.A.  Eberhard 

Attn:  M.  Meyers 

Attn:  Library 

New  Mexico  Institute  of  Mining  and  Technology 
Campus  Station 
Socorro,  NM  87801 
Attn:  TERA 

Northrop  Corp. 

Aircraft  Division 
3901  W.  Broadway 
Hawthorne,  CA  90250 
Attn:  J.H.  Bach,  3680/35 

Attn:  V.B.  Bertagna,  3451/32 

Attn:  H.W.  Jones,  3360/32 

Attn:  W.  Mohlenhoff,  3680/35 

Attn:  J.R.  Oliver,  3628/33 

Attn:  J.F.  Paris  3628/33 

Northrop  Corp. 

Ventura  Division 

1515  Rancho  Conejo  Blvd. 

Newbury  Park,  CA  91320 
Attn:  M.  Ralne 
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Norton  Co. 

One  New  Bond  St. 

Worcester,  MA  01606 
Attn:  P.B.  Gardner 

Parker  Hannifin  Corp. 

18321  Jamboree  Rd. 

Irvine,  CA  92664 
Attn:  C.L.  Klmmel 

Attn:  J.E.  Lowes 

Potomac  Research,  Inc. 

7655  Old  Sprlnghouse  Rd. 

Westgate  Research  Park 

McLean,  VA  22101 
Attn:  S.J.  Nelson 

Attn:  D.E.  Wegley 

PPG  Industries,  Inc. 

Aircraft  and  Speciality  Products 

Central  Bank  Building 

Suite  777 

Huntsville,  AL  35801 
Attn:  T.M.  Yelle 

PRC  Technical  Applications  Inc. 

7600  Old  Sprlnghouse  Rd. 

McLean,  VA  22101 
Attn:  E.  Monroe 

Protective  Materials  Co. 

York  and  Haverhill  Streets 

Andover,  MA  01810 
Attn:  M.H.  Miller 

Attn:  H.A.  Woodbury 

RAND  Corp. 

1700  Main  St. 

Santa  Monica,  CA  90406 
Attn:  N.W.  Crawford 

Attn:  L.G.  Mundle 

R&D  Associates 

P.O.  Box  9695 

Marins  Del  Rey,  CA  90291 
Attn:  H.W.  Never t 

Attn:  Technical  Information  Center 
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Reynolds  Metals  Co. 

6601  W.  Broad  St. 

Richmond,  VA  23218 
Attn:  B.F.  Holcombe 

Rockwell  International  Corp. 

5701  U.  Imperial  Hwy 
Los  Angeles,  CA  90009 
Attn:  W.H.  Hatton,  BB18 

Attn:  R.  Hurst,  BB33 

Attn:  W.L.  Jackson 

Attn:  S.C.  Mellln 

Attn:  R.  Moonan,  AB78 

Rockwell  International  Corp. 

4300  £.  Fifth  Ave. 

P.O.  Box  1259 
Columbus,  OH  43216 

Attn:  Technical  Information  Center  (D.Z.  Cox) 

Russell  Plastlcb  Technology  Inc. 

521  W.  Hoffman  Ave. 

Lindenhurst,  NY  11757 
Attn:  J.C.  Hebron 

Southwest  Research  Institute 
P.O.  Drawer  28510 
San  Antonio,  TX  78284 
Attn:  Bessey-02 

Attn:  W.D.  Weatherford 

Stanford  Research  Institute 
333  Ravenswood  Ave. 

Menlo  Park,  CA  94025 
Attn:  G.  Branch 

Attn:  J.  Gollns 

Swedlow,  Inc. 

12122  Western  Ave. 

Garden  Grove,  CA  92645 
Attn:  K.G.  Granger 

System  Planning  Corporation 
1500  Wilson  Blvd.,  Suite  1300 
Arlington,  VA  22209 
Attn:  J.A.  Navarro 
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Systron-Donner  Corporation 
Safety  Systems  Division 
1440  Fourth  Street 
Berkeley,  CA  94710 
Attn:  D.E.  Warren 

Telcom  Systems  Incorporated 
A Subsidiary  of  Telcom  Incorporated 
2300  South  9th  Street 
Arlington,  VA  22204 
Attn:  C.E.  Gane 

Teledyne  CAE 
1330  Laskey  Rd. 

Toledo,  OH  43612 

Attn:  Engineering  Library  (M.  Dowdell) 

Teledyne  Ryan  Aeronautical 
2701  Harbor  Dr. 

San  Diego,  CA  92112 
Attn:  P.  Kleyn 

Attn:  N.S.  Sakamoto 

Attn:  Technical  Information  Services  (W.E.  Ebner) 

Textron  Inc. 

Bell  Helicopter  Co. 

A Division  of  Textron  Inc. 

P.O.  Box  482 
Fort  Worth,  TX  76101 
Attn:  J.F.  daggers 

Attn:  J.R.  Johnson 

Attn:  E.A.  Morris 

The  BDM  Corp. 

1920  Aline  Ave. 

Vienna,  VA  22180 
Attn:  J.W.  Mllanskl 

The  Boeing  Co. 

3801  S.  Oliver  St. 

Wichita,  KS  67210 
Attn:  H.E.  Comer,  M/S  K21-57 

Attn:  L.D.  Lee,  M/S  K31-11 

Attn:  D.Y.  Sink,  M/S  K31-14 
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The  Boeing  Co. 

Aerospace  Group 
P.O.  Box  3999 
Seattle,  UA  98124 

Attn:  J.G.  Avery,  M/S  41-37 

Attn:  R.G.  Blalsdell,  M/S  8C-42 

Attn:  R.J.  Helzer,  M/S  13-66 

The  Johns  Hopkins  University 
Applied  Physics  Laboratory 
Johns  Hopkins  Road 
Laurel,  MD  20810 
Attn:  A.R.  Eaton 

Attn:  C.F.  Meyer 

Attn:  B.W.  Woodford 

Unlroyal,  Inc. 

Government  Affairs 
1700  K St.,  NW 
Washington,  DC  20006 
Attn:  D.  Glllett 

Unlroyal,  Inc. 

Mishawaka  Plant 
407  N.  Main  Street 
Mishawaka,  IN  46544 
Attn:  J.D.  Galloway 

United  States  Steel  Corp. 

Research  Laboratory 
125  Jamison  Lane 
Monroeville,  PA  15146 
Attn:  S.J.  Manganello 

United  Technologies  Corporation 
Pratt  & Whitney  Aircraft  Division 
400  Main  Street 
East  Hartford,  CT  06108 
Attn:  J.  Kazlauskas 

Attn:  UTC  Library 

United  Technologies  Corporation 
Pratt  & Whitney  Aircraft  Division 
Florida  Research  and  Development  Center 
P.O.  Box  2691 

West  Palm  Beach,  FL  33402 
Attn:  J.C.  DeLonga 
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FOREWORD 


Much  work  has  been  accomplished  over  the  past  years  to  assess  and 
enhance  the  nonnuclear  combat  survivability  of  U.S.  aircraft.  Other 
efforts  have  been  directed  toward  determining  the  effectiveness  of 
U.S.  munitions  against  enemy  aircraft.  At  first,  most  of  these  efforts 
were  accomplished  Independently  by  various  government  agencies  and  In- 
dustry. As  these  organizations  worked  In  their  respective  fields  they 
found  that  they  had  similar  goals  and  that  a technical  Interface  would 
be  advantageous  to  all  parties.  However,  a close  technical  working 
relationship  between  these  diverse  groups  has  been  difficult  to  achieve 
because  of  the  lack  of  a consistent  terminology  relating  to  the  total 
activities  and  elements  of  the  nonnuclear  aircraft  survlvablllty/vulner- 
ablllty  (S/V)  discipline.  In  fact,  an  abundance  of  terms  with  different 
usages  and  definitions  had  been  created.  This  resulting  communications 
problem  was  not  limited  to  activities  within  the  field  of  the  S/V  dis- 
cipline but  was  evident  In  technical  Intercourse  with  other  disciplines 
as  well.  The  basic  cause  of  these  problems  can  be  traced  to  the  absence 
of  an  organizational  fr^unework  for  defining  the  Interrelationships  be- 
tween all  the  activities  and  elements  that  comprise  the  total  S/V  dis- 
cipline. Since  no  framework  of  this  nature  existed.  Individual  S/V 
analysts  and  authors  Independently  developed  terms  and  definitions  In 
order  to  satisfy  specific  problems. 

Accordingly,  the  first  step  In  resolving  these  problems  of  communi- 
cations required  the  development  of  an  exhaustive,  well-defined  framework 
or  structure  of  the  S/V  discipline.  This  would  then  solve  the  primary 
communications  problem  - confusion  concerning  the  elements  and  activities 
of  the  S/V  discipline.  Given  such  a fraawwork.  In  the  second  and  final 
step,  appropriate  and  specific  S/V  terms  could  be  analyzed.  Inconsisten- 
cies and  ambiguities  could  be  resolved,  and  terms  could  be  rigorously  de- 
fined and  Integrated  Into  this  framework. 

This  later  body  of  terms  would  then  serve  to  Illustrate  specific 
activities,  elements,  or  concepts.  Properly  documented,  this  total  set 
of  terms,  definitions,  and  organizational  format  could  provide  the  nec- 
essary vehicle  for  effective  and  nonamblguous  Intra-and  Inter-dlsclplln- 
ary  communication. 

This  Military  Standard  contains  this  required  Information:  (1)  an 

organizational  framework  (called  topical  fields  and  subfields),  (2)  de- 
finitions and  usages  for  the  terma  that  comprise  this  framework,  and  (3) 
definitions  of  specific  S/V  terms  and  their  placement  and  use  In  the  S/V 
framework. 


ill 


CONTENTS 


Paragraph  Page 

1.  SCOPE 1 

1.1  Purpose 1 

1.2  Application  1 

2.  REFERENCED  DOCUMENTS 1 

3.  DEFINITIONS  1 

A.  GENERAL  REQUIREMENTS 3 

A.l  Categorization  of  the  S/V  Discipline 3 

4.2  Location  of  Terms  and  Definitions  7 

4.3  Specification  of  Terms  and  Definitions 8 

4.4  Use  of  the  Standardized  Terms  and  Definitions  . . 8 

5.  DETAILED  REQUIREMENTS  9 

5.1  Threats 11 

5.1.1  Threat  Characteristics 12 

5. 1.1.1  Threat  Types 13 

5. 1.1. 2 Warhead  (or  Laser)  Descriptors 17 

5. 1.1. 3 Threat  Mechanisms  21 

5.1.2  Threat  Operations  23 

5. 1.2.1  Environmental  Factors  24 

5. 1.2. 2 Flrlng/Launch  Capabilities 26 

5.1.3  Threat  Lethality 29 

5. 1.3.1  Fire  Control  Factors 30 

5. 1.3. 2 Trajectory  Factors 33 

5.1.3. 3 Terminal  Effects  Parameters  36 

5.2  Assessment  Methodology 39 

5.2.1  Encounter  Descriptors  40 

5.2. 1.1  Encounter  Conditions 41 

5. 2. 1.2  Threat  Actions 43 

5. 2. 1.2.1  Firing  Opportunities 44 

5. 2. 1.2. 2 Firing  Doctrine  46 

5.2. 1.3  Encounter  Frequency  48 

5.2.2  Encounter  Results  Assessment 49 

5.2.2. 1 Vulnerability  Assessment  Methodology 50 

5. 2. 2. 1.1  Vulnerability  Measures 51 

5.2.2. 1.2  Vulnerability  Assessment  Techniques  57 

5. 2. 2. 2 Survivability  Assessment  Methodology 60 

5. 2. 2. 2.1  Survivability  Measures 61 

5. 2. 2. 2. 2 Survivability  Assessment  Techniques  65 

5.3  System  Response 69 

5.3.1  Damage  Processes 70 

5. 3. 1.1  Penetration  71 

5. 3.1.2  Blast  Effects  73 

5. 3. 1.3  Ignition 75 

5. 3.1.4  Thermal  Effects  77 


iv 


•> 


3 


CONTENTS  (Contd.) 


Paragraph  Page 

5.3.2  Target  Lethality  Criteria  79 

5. 3. 2.1  Damage/Kill  Criteria 80 

5. 3. 2. 1.1  Damage  and  Failure  Modes 81 

5. 3. 2. 1.2  Materials  Response 84 

5. 3. 2. 1.3  Subsystem  Response 87 

5. 3. 2. 1.4  Personnel  Response 89 

5. 3. 2. 2 Physical  Descriptors 90 

5. 3.2.3  Subsystem  Descriptors  92 

5.3.3  Response  Measures  94 

5. 3. 3.1  Kill  Processes 95 

5.3. 3.2  Kill  Levels 97 

5.4  Survivability  Enhancement  101 

5.4.1  Aircraft  Design  Enhancement  102 

5. 4. 1.1  Signature  Suppression  103 

5. 4. 1.2  Vulnerability  Reduction  105 

5. 4. 1.2.1  Hardening  106 

5. 4. 1.2. 1.1  Component  Elimination  107 

5. 4. 1.2. 1.2  Component  Relocation 108 

5. 4. 1.2. 1.3  Component  Shielding  110 

5. 4. 1.2. 1.4  Component  Material  Improvement 113 

5. 4. 1.2. 2 System/Subsystem  Design  Enhancement  114 

5. 4. 1.2. 2.1  Redundancy 115 

5. 4. 1.2. 2. 2 Active  Damage  Suppression  117 

5. 4. 1.2. 2. 3 Passive  Damage  Suppression 119 

5.4.2  Aircraft  Utilization  Enhancement 123 

5. 4. 2.1  Tactics ^ 124 

5. 4. 2. 2 Countermeasures  126 

5.4.2. 3 Self-Defense  Systems 128 

5.5  Survivability  Enhancement  Tradeoffs  131 

5.5.1  Flgures-of-Merlt  (FOM) 132 

5.5.2  Merit  Rating  System  (MRS)  134 

5.6  S/V  Supporting  Data 137 

5.6.1  S/V  Combat  and  Test  Data 138 

5.6.2  Accident  and  Flight  Safety  Data 141 

FIGURES 

V 

Figures  1 Threats  Topical  Field  and  Subfield 

Categorization.  ....  5 

2 Assessment  and  Methodology  Topical  Field  and 

Subfield  Categorization  5 


v 


CONTENTS  (Contd.) 


Page 

Figures  3 System  Response  Topical  Field  and  Subfield 

Categorization  6 

4 Survivability  Enhancement  Topical  Field  and 

Subfield  Categorization 6 

5 Survivability  Enhancement  Tradeoffs  Topical 

Field  and  Subfield  Categorization 7 

6 S/V  Supporting  Data  Topical  Field 

and  Subfield  Categorization 7 

TABLES 

Table  1 S/V  Topical  Fields 4 

INDEXES 

Indexes  Organizational  Index  of  Terms  143 

Alphabetical  Index  of  Terms  151 


Tl 


1.  SCOPE 


1.1  Purpose.  This  document  establishes  standardized  definitions  for  air- 
craft nonnuclear  survivability /vulnerability  terms  so  that  communication 
problems  that  have  confronted  S/V  practitioners  as  well  as  workers  in 
allied  disciplines,  both  in  government  agencies  and  industry,  can  be 
resolved. 

1.2  Application.  The  terms  and  definitions  contained  herein  shall  be 
used,  insofar  as  they  are  applicable,  in  all  Department  of  Defense  studies, 
reports,  statements-of-work,  and  other  documentation  involving  nonnuclear 
aircraft  survivability /vulnerability . This  standard  is  intended  for  use 

by  industry  and  government  agencies  engaged  in  any  activity  that  involves 
any  aspect  or  element  of  nonnuclear  aircraft  survlvabillty/vulnerablllty . 
The  activities  and  elements  that  comprise  the  total  S/V  discipline  are 
described  in  Section  4. 

2.  REFERENCED  DOCUMENTS 

The  following  document  contains  some  additional  terms  and  definitions 
applicable  to  the  general  areas  of  interest: 

Dictionary  of  United  States  Military  Terms 
for  Joint  Usage.  The  Joint  Chiefs  of  Staff, 

Washington,  D.C.,  JCS  Publ.  1,  1 January  1966. 

3.  DEFINITIONS 

The  terms  and  definitions  set  forth  below  provide  a selected  set  of 
terms  which  offers  concise  definitions  of  key  S/V  concepts  required  for 
use  of  the  Military  Standard.  In  some  cases,  a detailed  definition  of  a 
term  is  also  given  in  Section  5.  These  terms  are  preceded  with  an  asterisk 

Survivability 

The  capability  of  an  aircraft  to  avoid  and/or  withstand  a man-made 
hostile  environment  without  sustaining  an  impairment  of  its  ability  to 
accomplish  its  designated  mission. 

*Survivability  Enhancement 

The  use  of  any  tactic,  technique,  or  survivability  equipment,  or 
combination  of  techniques  that  increases  the  probability  of  survival  of 
an  aircraft  when  operating  in  a man-made  hostile  environment. 

Vulnerability 

The  characteristics  of  a system  that  cause  it  to  suffer  a finite 
level  of  degradation  in  performing  its  mission  as  a result  of  having  been 
subjected  to  a certain  level  of  threat  mechanisms  in  a man-made  hostile 
environment. 
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*Vulnerablllty  Reduction 


Any  technique  that  enhances  the  aircraft  design  In  a manner  that  re- 
duces the  aircraft's  susceptibility  to  damage  when  subjected  to  threat 
mechanisms . 

*Threats 

Those  elements  of  a man-made  environment  designed  to  reduce  the 
ability  of  an  aircraft  to  perform  mission-related  functions  by  Inflicting 
damaging  effects,  forcing  undesirable  maneuvers  or  degrading  systems 
effectiveness. 

*Threat  Mechanisms 

Mechanisms,  embodied  In  or  employed  as  a threat,  which  are  designed 
to  damage  (i.e.,  to  degrade  the  functioning  of  or  to  destroy)  a target 
component  or  the  target  itself. 

Aircraft  Survivability  Assessment 

Systematic  description,  delineation,  quantification,  and  statistical 
characterization  of  the  survivability  of  an  aircraft  In  encounters  with 
hostile  defenses. 

Aircraft  Vulnetablllty  Assessment 

Systematic  description,  delineation,  and  quantification  of  the  vul- 
nerability of  an  aircraft  when  subjected  to  threat  mechanisms. 

*Alrcraft  Probability  of  Survival 

The  probability  that  an  aircraft  will  survive  a defined  damage  level 
In  specified  threat  engagements. 

Aircraft  Probability  of  Kill 

The  probability  that  an  aircraft  will  not  survive  a defined  damage 
level  In  specified  threat  engagements. 

*System  Response 

The  reactions  of  a system.  Including  crew  station,  structure,  and 
subsystems,  when  a threat  Is  detected  or  the  system  Is  subjected  to  a 
threat  mechanism. 

*Target  Lethality  Criteria 

Quantitative  and  qualitative  data  that  collectively  define  (1)  the 
susceptibility  of  the  target  to  damage  processes  and  (2)  the  resultant 
responses  of  the  target  given  that  threat-induced  damage  occurs. 
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*Dama8e/Klll  Criteria 


Quantitative  and  qualitative  data  that  relate  target  response  to 
damage  processes  (penetration,  blast  effects,  etc.)  In  terms  of  mission 
performance  factors. 

*Hardenlng 

That  type  of  vulnerability  reduction  effected  by  Interposing  less 
essential  components  between  critical  components  and  the  damage  mechanisms, 
by  eliminating  critical  components,  or  by  the  use  of  materials  having  Im- 
proved characteristics. 

*Survlvabllltv  Enhancement  Tradeoffs 

The  process  of  examining  and  quantifying  both  the  survival  benefits 
and  the  penalties  associated  with  alternative  survavablllty  enhancement 
techniques  of  aircraft  and  subsystems;  the  objective  of  this  tradeoff 
process  Is  to  derive  the  Insights  necessary  to  select  the  optimal  config- 
uration or  utilization  for  defined  mission  roles. 

*Reductlon  of  Detection 

The  use  of  techniques  that  reduce  the  target  aircraft  signatures  (l.e.. 
Infrared,  radar,  visual,  etc.)  that  are  used  for  guidance  by  a man-made 
threat  mechanism. 

Passive  Countermeasures 

Those  techniques  related  to  reduction  of  detection  which  differ  from 
active  countermeasures  In  the  sense  that  no  counter-electromagnetic  spec- 
trum Is  generated  for  defense. 

Susceptibility 

The  combined  characteristics  of  all  the  factors  that  determine  the 
probability  of  hit  of  an  aircraft  component,  subsystem,  or  system  by  a 
given  threat  mechanism. 

Threat  Negation 

To  render  a threat  Ineffective  through  the  use  of  countermeasures, 
tactics,  or  suppressive  fire. 


4.  GENERAL  REQUIREMENTS 

4.1  Categorization  of  the  S/V  Discipline.  The  total  nonnuclear  aircraft 
survlvabillty/vulnerablllty  discipline  (hereafter  referred  to  as  the  S/V 
discipline)  spans  a large  number  of  activities  and  elements  such  as: 
analysis  of  the  Inherent  capability  of  enemy  threats,  the  effectiveness 
of  those  threats  in  particular  environments,  analysis  of  Inherent  air- 
craft damage  susceptibility,  the  response  of  materials  to  threat  impact. 
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the  development  of  analytical  assessment  procedures,  analysis  of  combat 
data,  the  development  of  vulnerability  reduction  techniques,  aircraft 
tradeoffs  that  Include  and  Interface  with  other  disciplines  such  as  main- 
tainability, reliability,  etc.  The  S/V  discipline,  therefore,  is  multi- 
dimensional; however,  these  many  activities  can  be  grouped  or  categorized 
into  "topical  fields",  as  Illustrated  in  Table  I.  Furthermore,  each 
topical  field  can  be  partitioned  into  subfields  which  group  the  activities 
and  elements  of  each  topical  field.  This  subfield  categorization  Is  shown 
in  Figures  1 through  6 for  each  of  the  topical  fields  In  Table  I,  respec- 
tively. 


TABLE  I.  S/V  Topical  Fields 


Topical  Field  (Fig.  No.) 

Associated  Activities/Elements 

Threats  (1) 

Threat  analysis,  threat  characteristics 
data,  threat  Imherent  lethality  assessment 

Assessment  Methodology  (2) 

Computational  methods  and  measures  of  air- 
craft survivability /vulnerability 

System  Response  (3) 

System/subsystem  response  to  threat  impact; 
lethal  criteria  data;  kill  levels;  kill 
mechanisms 

Survivability 
Enhancement  (4) 

Vulnerability  reduction;  hardening;  self 
defense;  electronic  countermeasures;  re- 
duction of  detection 

Survivability  Enhancement 
Tradeoffs  (5) 

Benefits  and  penalties  from  survivability 
enhancement;  tradeoffs 

i 

S/V  Test  and  Combat 
Data  (6) 

Test  data,  experimental  methods;  combat 
data  analysis 

The  terms  shown  In  the  topical  field  and  subfield  organization  of 
Figures  1 through  6 essentially  define  the  activities  and  elements  of  the 
S/V  discipline.  [Reference  to  a topical  field  (e.g.,  survivability  en- 
hancement) represents  an  activity;  reference  to  a first-level  subfield 
(e.g.,  aircraft  design  enhancement)  represents  the  approach  selected  to 
accomplish  this  activity;  and  references  to  lower-level  subfields  (e.g., 
vulnerability  reduction,  hardening  and  component  relocation)  provide  In- 
creasingly detailed  disclosures  of  the  S/V  activities  initiated  to  achieve 
survivability  enhancement.]  In  addition  to  these  topical  field  and  sub- 
field terms,  there  is  a large  number  of  terms  that  are  used  to  describe 


specific  data,  methodology,  measures,  and  so  forth.  This  body  of  specific 
terms  Is  Integrated  Into  the  topical  field  and  subfield  structure  at  the 
lowest  level  of  subfield  categorization.  These  terms,  then,  are  specific 
descriptors  of  each  S/V  activity. 


FIGURE  1.  Threats  Topical  Field  and  Subfield  Categorization. 


FIGURE  2.  Assessment  Methodology  Topical  Field  and 
Subfield  Categorization. 
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FIGURE  6.  S/V  Supporting  Data  Topical  Field 
and  Subfield  Categorization. 


^•2  Location  of  Terms  and  Dafinitiona.  An  alphabetical  index  is  provided 
(page  151)  to  facilitate  the  location  of  the  definition  for  each  of  the 
terms  given  in  this  document.  Each  term  is  also  indexed  by  a sequence 
ntanber  that  refers  to  the  location  of  that  term  as  contained  in  Section  5. 
IVo  distinctions  are  made: 


(a)  Topical  field  and  subfield  terms  are  Indexed  by  a section  or 
subsection  number.  For  example,  the  term  "threats"  is  a 
topical  field  and  has  the  sequence  number  5.1;  the  term 
"threat  lethality"  is  a subfield  of  "threats"  and  has  the 
sequence  number  5.1.3. 


(b)  Terms  at  Che  lowest  order  (the  specific  term)  appearing  under 
a topical  field  or  subfield  term  are  Indexed  by  a section  or 
subsection  number  relating  to  their  topical  field  or  subfield 
location,  plus  an  additional  number  relating  to  the  ordered 
location  of  the  specific  term  with  regard  to  other  specific 
terms  In  Chat  subfield.  For  example,  "projectile",  a term 
relating  to  "threat  types",  has  the  sequence  number  5. 1.1. 1-2 
since  It  is  the  second  term  In  this  subfield. 

The  following  procedure  can  be  utilized  to  facilitate  the  location 
of  standardized  terms  for  known  concepts.  Items,  or  activities: 

(a)  From  Table  I,  Identify  the  appropriate  topical  field  by  com- 
paring Che  nature  of  the  activities  and  elements  of  each 
topical  field  to  Che  known  concept. 

(b)  Examine  Che  respective  figure  (Figures  1 through  6)  to  locate 
the  appropriate  subfield  (specific  terms  In  the  case  of 
Figure  6)  under  the  topical  field  selected  In  step  (a). 

(c)  Use  Che  organizational  Index  (page  143)  to  scan  Che  specific 
terms  under  the  selected  subfields  from  step  (b) . 

(d)  Review  the  definitions  (contained  In  Section  5)  of  selected 
or  appropriate  terms  obtained  from  step  (c) . 

4.3  Specification  of  Terms  and  Definitions.  Two  formats  are  used  in 
Section  5 for  the  specification  of  terms  and  definitions: 

(a)  The  topical  field  and  subfield  terms  are  each  defined  on  a 

single  page.  This  page  has  the  following  entries:  term, 

sequence  or  Identification  number,  definition,  and  explanatory 
notes.  Information  In  the  explanatory  notes  relates  the  term 
Co  Che  topical  field  organization,  provides  further  subfield 
categorization,  and  descriptive  comments  to  eliminate  con- 
fusion with  other  terms,  and  delineates  standardized  usage 
for  the  term. 

(b)  The  main  body  of  terms.  Indexed  under  the  lowest-order  subfield, 
are  entered  consecutively  in  a standard  dictionary  format.  The 
terms,  however,  are  arranged  In  a meaningful  fashion  to  preserve 
appropriate  comparisons.  The  definition,  sequence  or  Identi- 
fication number,  and  explanatory  notes  are  compiled  in  a narra- 
tive manner. 

4.4  Use  of  the  Standardized  Terms  and  Definitions.  The  terms  contained 
In  this  document  should  not  be  used  In  applications  that  perturb  or  change 
Che  standardized  definitions.  The  terms  do  not  constitute  the  total  ver- 
nacular of  the  S/V  discipline;  rather  they  represent  a key  subset  of  the 
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total  vernacular  of  terms.  The  terms  were  selected  because  (1)  they  form 
the  necessary  framework  for  categorizing  the  activities  and  elements  of 
the  S/V  discipline,  (2)  they  are  representative  descriptors  of  specific 
activities  and  elements  of  the  S/V  discipline,  and  (3)  they  resolve  speci- 
fic problems.  There  are  a nund>er  of  terms  which  can  be  used  synonomously 
with  these  standardized  terms.  These  "related  but  non-standardlzed  terms" 
are  necessary  to  allow  freedom  of  expression  and  the  unrestricted  growth 
of  the  S/V  discipline.  However,  persons  who  utilize  S/V  concepts  are 
cautioned  that  the  terms  in  this  document  are  the  only  known  standardized 
terms.  Hence,  it  is  significant  that  new  or  related  terms  must  be  care- 
fully and  fully  defined  for  each  application. 


5.  DETAILED  REQUIREMENTS 

The  definitions  of  the  S/V  terms  are  contained  in  this  section; 
these  definitions  have  been  grouped  in  topical  fields  with  tab  dividers 
Included  for  ease  of  access.  The  topical  fields  are  lined  with  a heavy, 
dotted  black  line  and  the  associated  subfields  are  lined  with  a finer 
black  line. 


9(10  blank) 


5.1  Topical  Field  Term:  Threats 

Definition:  Those  elements  of  a man-made  environment  designed 

to  reduce  the  ability  of  an  aircraft  to  perform  mission-related 
functions  by  Inflicting  damaging  effects,  forcing  undesirable 
maneuvers  or  degrading  systems  effectiveness. 

Explanatory  Notes:  A hostile  environment  can  be  made  up  of 

numerous  threat  elements,  each  having  a distinct  set  of  char- 
acteristics and  capabilities.  The  "threats"  topical  field 
contains  terms  which  are  used  to  describe:  (1)  the  threat  ele- 

ments, (2)  threat  operations,  and  (3)  threat  lethality.  These 
terms  and  the  associated  data  do  not  reflect  any  Interaction 
between  the  threat  elements  and  the  aircraft  or  target.  Rather, 
these  descriptors  relate  to  the  Inherent  or  possessed  capabil- 
ities of  threats.  In  general,  threat  units  can  be  grouped  Into 
two  types  - terminal  and  non-terminal.  Terminal  threat  units 
have  the  capability  to  deliver  damaging  effects  on  an  aircraft, 
and  consist  of  a firing  platform  (e.g..  Interceptor,  launcher, 
etc.)  and  threat  propagators  (e.g.,  projectiles,  missiles, 
etc.).  The  non-terminal  threats  do  not  possess  a firing  capa- 
bility but  provide  an  Integrated  detection/tracking  system, 
which  enhances  the  capability  of  the  terminal  threat  units  In 
an  engagement  with  an  aircraft.  Only  terminal  threats  will  be 
considered  In  this  Topical  Field  Term.  The  "Threats"  topical 
field  Is  subdivided  as  shown  below. 


5.1.1  Subfield  Term:  Threat  Characteristics 


Definition:  The  classification  of  threats  according  to  generic 

characteristics  - type,  warhead,  and  associated  threat 
aechanlsas. 

Explanatory  Notes:  The  distinction  between  the  three  major 

subfields  of  "Threat  Characteristics"  and  example  terms  for 
each  subfield  are  shown  below.  Note  that  only  generic  terms 
are  used;  specific  designations  (e.g.,  SA>2)  are  not  defined 
entries. 


5. 1.1.1  Subfield  Term:  Threat  Types 

Definition:  A general  characterization  of  the  threat  unit  in 
terms  of  firing  platform  and  site  type,  the  entity  containing 
the  threat  mechanism,  and  similar  descriptors. 


5. 1.1. 1- 1  Conventional  Weapon  - Any  weapon  whose  damage  mechanisms  do 
not  include  nuclear  effects,  biological  agents,  or  chemical  agents  other 
than  incendiary  and  tracer  materials.  "Conventional  weapon"  is  used  to 
represent  all  classes  and  types  of  nonnuclear  threats  such  as  small  arms , 
anti-aircraft  artillery,  surface-to-air  and  air-to-air  missiles  with  blast 
or  fragmenting  warheads,  and  high-energy  lasers.  Threat  mechanisms  in- 
cluded consist  of  blast,  penetrators,  fragments,  incendiaries,  and  power 
(laser  effects). 

5. 1.1. 1- 2  Projectile  - An  object  propelled  by  an  applied  exterior  force 
and  continuing  in  notion  by  virtue  of  its  own  inertia,  as  a bullet,  bomb, 
shell,  or  grenade.  "Projectile"  is  generally  used  to  represent  the  device 
containing  the  warhead  and  threat  mechanism  associated  with  small  arms  and 
anti-aircraft  artillery.  A sketch  of  a projectile  is  shown  below. 

PROJECTILE 


DETONATOR 

FIRING  CHARGE 


5. 1.1. 1-3  Small  Arms  - Weapons  that  fire  projectiles  up  to  and  including 
14.5imn.  "Small  arms"  is  generally  used  to  represent  enemy  weapons  with 
calibers  of  7.62nsn,  12.7nmi,  and  14.5mm.  These  weapons  employ  visual 
or  optical  tracking,  and  they  are  fabricated  in  differing  configurations 
(i.e.,  single  barrel,  two  barrel,  four  barrel,  etc.).  The  projectiles 
fired  by  these  weapons  are  either  of  the  ball,  armor-piercing,  or  armor- 
plercing-incendiary  type. 


5. 1.1. 1- 4  Anti-aircraft  Artillery  (AAA)  - Gun-fired  projectiles  greater 
chan  20mm  in  size  chat  are  designed  to  operate  against  airborne  targets. 
They  are  generally  of  calibers  23mn,  30mm,  37mm,  57mm,  85mm,  and  100mm, 
although  there  are  some  older  types  with  calibers  greater  than  100mm. 

The  projectiles  are  usually  high-explosive  but  may  be  armor-piercing. 
Either  may  contain  an  incendiary  and/or  tracer  type  material.  The  weapons 
chat  fire  these  projectiles  may  be  ground  or  sea-based,  employ  either 
optical  or  radar  tracking,  or  both,  and  be  fabricated  in  differing  con- 
figurations (i.e.,  single  barrel,  two  barrel,  four  barrel,  etc.). 

5. 1.1. 1- 5  Missile  - An  aerospace  vehicle,  with  varying  guidance  capa- 
bilities, which  is  self-propelled  through  space  for  the  purpose  of  in- 
flicting damage  on  a designated  target.  These  vehicles  are  fabricated 
for  air-to-air,  surface-to-air,  alr-to-surface,  or  surface-to-surface 
roles.  They  contain  a propulsion  system,  warhead  section,  guidance  sys- 
tem and  sensor  (or  antennae  for  receiving  remote  guidance  signals) , and 
control  surfaces.  The  guidance  capabilities  of  the  different  missiles 
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vary  from  self-guided  to  complete  dependence  on  the  launch  equipment  for 
guidance  signals.  A sketch  of  a missile  Is  shown  below. 


5. 1.1. 1-6  Alr-to-Alr  Missile  (AAM)  - Missiles  launched  from  Interceptor 
aircraft  for  the  purpose  of  Inflicting  damage  on  an  airborne  target. 
These  missiles  have  varying  guidance  and  propulsion  capabilities  which 
dictate  the  launch  envelopes  relative  to  the  airborne  target  and  their 
susceptibility  to  countermeasures  or  any  other  means  of  threat  negation. 
An  example  of  an  AAM  launch  envelope  Is  sketched  below.  (See  subfield 
5. 1.2.2  for  the  definition  of  "launch  envelope".) 


based  (or  sea-based)  equipment  for  the  purpose  of  Inflicting  damage  on  an 
airborne  target.  These  missiles  have  varying  guidance  and  propulsion 
capabilities  which  dictate  their  launch  envelopes  relative  to  the  target 
and  their  susceptibility  to  countermeasures  or  any  other  Mans  of  threat 
negation.  An  example  of  a SAM  launch  envelope  Is  sketched  below. 


5. 1.1. 1-8  SAM  Launch  and  Guidance  Equipment  - Equipment  which  Is  used  to 
laimch  and  guide  SAMs  to  an  Intercept  point.  "SAM  launch  and  guidance 
equipment"  generally  represents  systems  capable  of  launching  the  differ- 
ent SAMs,  and  vary  In  size  from  a single  hand-held  launch  tube  to  a semi- 
permanent complex  containing  numerous  trallers/vans  and  launch  units. 

The  systems  employ  both  optical  tracking  (for  the  launch  tube)  and  radar 
tracking  In  conjunction  with  a special  missile  tracking  and  guidance  mode 
for  the  equipment  complexes.  The  missiles  launched  by  these  systems  con- 
tain warheads  that  are  of  the  high-explosive,  shaped-charge  or  continuous- 
rod  type. 


5. 1.1. 1- 9  Airborne  Interceptor  (AI)  - High-performance  and  normally  highly 
maneuverable  aircraft  designed  to  engage  and  destroy  aircraft  targets. 
Weapon  systems  consist  of  air-to-air  cannon,  alr-to-air  missiles,  and 
associated  equipments  for  the  purpose  of  Identifying  and  tracking  aircraft 
and  firing  weapons.  These  Interceptors  may  be  limited  to  visual  flight 
conditions  (l.e.,  a day  fighter)  or  may  be  configured  to  operate  under 

all  weather  conditions  (l.e.,  an  all-weather  interceptor). 

5.1.1.1- 10  Warhead  - The  part  of  a projectile  or  missile  which  constitutes 
the  explosive,  chemical,  or  other  charge  Intended  to  inflict  damage.  These 
constituents  In  combination  with  the  fuze  and  case  produce  the  threat  mech- 
anisms. (Refer  to  sketches  under  terms  "projectile"  and  missile".) 

5.1.1.1- 11  Non- terminal  Electromagnetic  Threats  - Electronic  systems  used 
by  enenQr  forces  to  support  and  aid  the  active  (or  terminal)  threat  units. 
These  systems  normally  consist  of  acquisition,  detection,  tracking,  and 
communication  systems.  They  can  be  land-,  sea-,  or  air-based,  and  are 
normally  an  Integrated  part  of  the  enen^'s  offensive  and  defensive  forces. 
Their  purpose  is  to  supply  appropriate  position,  velocity,  heading,  etc.. 
Information  to  the  terminal  or  active  threat  units. 

5.1.1.1- 12  High  Energy  Laser  (HEL)  - A weapons  system  which  produces  a 
collimated  beam  of  electromagnetic  radiation  with  an  Intensity  sufficient 
to  ■•It  or  thermally  degrade  a portion  of  the  target.  It  may  also  be  used 
to  damage  electromagnetic  subsystems  of  the  target  by  overloading  (in- 
band  kill) . 


16 


5. 1.1. 2 Subfield  Term:  Warhead  (or  Laser)  Descriptors 

Definition:  Descriptors  characterizing  the  basic  configuration 

and  Ingredients  of  the  warhead  and  the  activation  methods/ 
devices  which  collectively  generate  the  threat  mechanisms. 

Explanatory  Notes:  Typical  warhead  elements  are  shown  below. 

These  elements  can  be  combined  to  obtain  a specific  type  of 
projectlle/mlsslle  (e.g.,  armor-piercing  projectile,  armor- 
plerclng  Incendiary  projectiles,  high-explosive  projectile) 
that  ultimately  results  In  the  generation  of  threat  mechanisms. 
Some  terms  frequently  used  In  this  section  to  describe  warheads, 
such  as  penetrator,  fragment,  tracer,  and  incendiary,  are  de- 
fined In  Section  5. 1.1. 3 (Threat  Mechanisms). 


5. 1.1. 2- 1  Warhead  Fuze  - That  element  of  a warhead  which  initiates  the 
detonation  of  the  explosive  charge.  Proxlmltyvfuzlng  (i.e.,  initiation 
within  a predetermined  distance  to  a target)  is  normally  used  for  missile 
warheads  and  some  large  AAA  projectiles.  Contact  fuzing  (i.e.,  Initiation 
on  impact)  is  normally  used  for  AAA  projectile  and  may  be  delayed  or 
Instantaneous . 

5. 1.1. 2- 2  High-Explosive  Charge  - Any  powerful,  nonatomlc  explosive 
material  characterized  by  extremely  rapid  detonation  and  a powerful  dis- 
ruptive or  shattering  effect.  The  high-explosive  charge  is  used  to  gener- 
ate high-speed  fragments  as  well  as  to  develop  potentially  damaging  blast 
effects  on  the  target.  In  practical  application  (e.g.,  reports,  articles), 
the  full  term  should  be  used  initially.  In  subsequent  references  to  the 
term,  "high  explosive"  or  "charge"  may  be  used.  "High-explosive  charge" 

is  normally  used  to  modify  (and  describe)  specific  warhead  types  such  as 
high-explosive  incendiary,  high-explosive  incendiary  tracer,  etc. 

5. 1.1. 2- 3  Shaped  Charge  - A high-explosive  charge  that  is  shaped  in  con- 
junction with  the  casing  so  that  energy  created  by  detonation  is  focused 
in  a desired  direction.  The  focused  energy  creates  high  fragment  veloc- 
ities. In  general,  there  are  two  types  of  shaped  charges  - spherical, 
which  focuses  energy  to  a selected  point  in  the  warhead,  and  linear,  which 
focuses  the  energy  in  a desired  array  around  the  warhead. 

5. 1.1. 2- 4  Ball-Type  Projectile  - A passive  projectile  with  a relatively 
soft  metal  Interior  or  core  which  is  typically  associated  with  small  arms. 
These  warheads  are  primarily  Intended  for  use  against  personnel  and  unar- 
mored targets.  In  practical  application  (e.g.,  reports,  articles),  the 
full  term  should  by  used  initially.  In  subsequent  references  to  the  term 
"ball"  may  be  used. 

5. 1.1. 2- 5  Armor-Piercing  Projectile  (AP)  - A projectile  composed  of  a 
hardened  steel  core  encased  in  a metal  jacket;  the  shape  of  the  core  is 
designed  to  maximize  its  penetVabll’lty.  These  projectiles  are  utilized 
to  penetrate  hard  or  armored  targets  and  are  normally  associated  with 
small  arms  and  anti-aircraft  artillery. 

5. 1.1. 2- 6  Armor-Piercing  Incendiary  Projectile  (AP-I)  - A projectile 
utilizing  a hardened  steel  core  with  an  incendiary  mix  in  the  nose,  all 
of  which  is  encased  in  a metal  jacket.  These  projectiles  are  utilized  to 
penetrate  hard  or  armored  targets  and  to  ignite  fires  or  explosions  with 
the  incendiary  materials.  These  projectiles  are  normally  associated  with 
small  arms  and  anti-aircraft  artillery.  A sketch  of  a typical  armor- 
piercing  incendiary  projectile  is  shown  below. 

HARO  PENETRATOR  CORE  INCENDIARY 
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5. 1.1. 2-7  High-Explosive  Projectile  (HE)  - A projectile  composed  of  a 
hollov  steel  body  containing  a high-explosive  filler.  Such  projectiles 
normally  consist  of  a steel  outer  shell  with  an  Internal  explosive  charge 
detonated  by  a fuze  In  the  nose.  Fuzing  may  be  contact,  fixed  time  (FT), 
variable  time  (VT) , or  proximity  (PROX) . There  are  two  types  of  contact 
I fuzes  for  HE  projectiles:  delay  and  super  quick.  Delay-fuzed  HE  projec- 

tiles are  designed  to  penetrate  a target  and  explode  Internally  to  cause 
the  maximum  damage  from  the  blast  effects.  Super  quick  fuzes  will  cause 
external  detonation.  Externally  detonated  HE  projectiles  rely  on  pene- 
tration of  the  target  from  fragments  of  the  exploding  projectile  body. 
Fragment  size  and  population  depend  on  the  specific  projectile.  HE  pro- 
t jectlles  are  noirmally  associated  with  anti-aircraft  artillery  (AAA).  A 

typical  high-explosive  projectile  Is  sketched  below. 


5. 1.1. 2- 8  High-Explosive  Incendiary  Projectile  (HE-I)  - A projectile 
composed  of  a hollow  steel  body  containing  a high-explosive  filler  and  an 
Incendiary  mixture.  Such  projectiles  normally  consist  of  a steel  outer 
shell  with  an  Internal  explosive  charge  and  Incendiary  mixture  detonated 
by  a contact  fuze,  either  delay  or  super  quick,  on  the  nose.  Delay-fuzed 
HE-1  projectiles  penetrate  a target  and  explode  Internally  to  cause  damage 
from  blast  effects  as  well  as  with  fragments  and  burning  Incendiary. 
Fragment  size  and  population  depend  on  the  specific  projectile.  HE-I  pro- 
jectiles are  normally  associated  with  anti-aircraft  artillery  (AAA). 

5. 1.1. 2- 9  High-Explosive  Incendiary  Tracer  Projectile  (HE-I-T)  - A pro- 
jectile composed  of  a hollow  steel  body  containing  high-explosive.  Incen- 
diary, and  tracer  materials.  The  Incendiary  material  Is  Included  to  pro- 
vide an  Ignition  source  on  Impact,  and  the  tracer  material  Is  added  to 
provide  a visual  Image  of  the  projectile's  flight  path. 

5.1.1.2- 10  Fragmenting  Case  - A casing  designed  to  break  into  fragments 
upon  detonation.  The  fragments  may  be  of  a uniform  size  calculated  to 
optimize  the  effectiveness  of  the  weapon  against  a particular  type  of  tar- 
get. The  desired  fragment  dimensions  can  be  obtained  by  scoring  the  case 
or  by  wrapping  It  with  wire. 
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5.1.1.2- 11  Continuous  Rod  Warhead  - A warhead  which  contains  a bundle 

of  rods  welded  together  at  alternate  ends.  Upon  detonation  of  the  explo- 
sive load  the  rod  bundle  expands  at  right  angles  to  the  missile  to  a max- 
imum radius  and  then  breaks  apart.  This  steel  ring  can  knife  through 
skin  and  skeletal  members  of  aircraft  structure. 

5.1.1.2- 12  Delivered  Energy  Distribution  (PEP)  - The  distribution  of 
energy/area  delivered  to  a target  (l.e.,  through  a plane  normal  to  the 
Incident  laser  beam  at  the  target  location) . The  DED  Includes  both  a des- 
cription of  the  energy  pile  (time  Integral  of  the  Intensity  that  has  passed 
through  each  point  of  the  Incident  plane)  and  a probability  distribution 

of  energy  piles  about  the  desired  almpolnt. 
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5. 1.1. 3 Subfield  Term:  Threat  Mechanisms 

Definition:  Mechanisms,  embodied  In  or  employed  as  a threat, 

which  are  designed  to  damage  (l.e.,  to  degrade  the  functioning 
of  or  to  destroy)  a target  component  or  the  target  Itself. 

Explanatory  Notes:  Note  that  "threat  mechanism"  refers  to 

that  which  produces  an  effect  (e.g.,  penetrator) , whereas 
"damage  process"  (see  Section  5.3.1)  refers  to  the  process 
whereby  the  effect  Is  produced  (e.g.,  penetration).  The  table 
below  clarifies  the  content  of  this  term  as  distinguished  from 
terms  and  meanings  with  which  It  might  be  confused. 


SUBFIELD 


KEY  FACTORS 
OF  DEFINITION 


EXAMPLE  TERMS 


5. 1.1. 3 

Threat 

Mechanisms 


Nature  of  the 
Warhead  Output 


o Blast 
o Penetrator 
o Fragment 
o Incendiary 
o Electromagnetic  Flux 


5. 1.3. 3 
Terminal 
Effects 
Parameters 


Intensity  of  the 
Threat  Mechanisms 
Output 


o Projectile  Caliber 
o Equivalent  Weight  of  TNT 
o Incendiary  Flash  Duration 
o Fragment  Density 


5.3.1 

Damage 

Processes 


Interactions 
Between  Threat 
Mechanisms  and 
Target 


o Blast  Effects 
✓ Blast  Loading 
o Ignition 
/ Explosion 
o Penetration 

/ Ballistic  Impact 
o Thermal  Effects 
/ Impulse  Loading 
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5. 1.1. 3- 1  Blast  - The  brief  and  rapid  movement  of  air  or  other  fluid 
away  from  a center  of  outward  pressure,  as  In  an  explosion;  the  pressure 
accompanying  this  movement.  Blast  Is  a threat  mechanism  associated  with 
high-explosive  warheads  such  as  contained  on  anti-aircraft  artillery 
(20mm  and  larger)  or  surface-to-air  and  alr-to-air  missiles.  Depending 

on  the  warhead  and  fuzing,  the  blast  may  be  external  or  Internal  to  the  I 

target. 

5. 1.1. 3- 2  Penetrator  - The  core  or  that  part  of  an  armor-piercing  pro- 
jectile designed  to  penetrate  to  the  Interior  of  a target.  Penetrators 

are  threat  mechanisms  associated  with  small  arms  and  anti-aircraft  artillery. 

I 

5. 1.1. 3- 3  Fragment  - Metal  particles  of  varying  weight,  size,  and  veloc- 
ity that  are  produced  by  ballistic  Impact  and  the  detonation  of  projectiles 
and  missile  warheads.  Fragments  are  threat  mechanisms  associated  with 
anti-aircraft  artillery  and  surface-to-air  and  air-to-air  missile  warheads. 

Depending  on  the  warhead  fuzing,  initial  fragment  Impact  may  be  external 

(proximity  fuzed)  or  Internal  (contact-fuzed)  to  the  aircraft.  In  addi-  -j 

tlon  to  being  directly  produced  by  the  detonation  of  a warhead,  fragments 

can  be  the  result  of  a ballistic  Impact  on  a target.  In  this  case,  frag- 
ments are  a by-product  of  material  response  such  as  spall. 

5. 1.1. 3- 4  Tracer  - An  active  bright-burning  material  typically  used  with 
a projectile  to  make  the  flight  of  the  projectile  visible  both  by  day  and 
by  night.  Tracers  are  primarily  used  as  an  aiming  aid  with  small  arms, 

AAA,  and  airborne  gun  systems.  However,  tracers  do  have  the  capability  to 
initiate  combustion  and,  hence,  are  categorized  as  a threat  mechanism.  A 
typical  tracer  material  Installation  Is  shown  In  the  explanatory  notes 
under  "Hlgh-Exploslve  Projectile". 

5. 1.1. 3- 5  Incendiary  - Any  chemical  agent  designed  to  cause  combustion; 
used  especially  as  a filling  for  certain  bombs,  shells,  projectiles,  or 
the  like.  A typical  application  of  an  Incendiary  material  Is  In  a small 
arms  or  contact-fuzed  anti-aircraft  artillery  (AAA)  projectile.  For  the 
small-arms  projectile,  for  exanq>le,  a thermally  active  incendiary  filler 
Is  used  with  a passive  core,  either  ball  or  armor-plerclng  material.  The 
Incendiary  Is  located  In  front  of  the  passive  core  and  Is  Initiated  upon 
contact  with  the  target.  (See  sketch,  paragraph  5. 1.1. 2-6.) 

5. 1.1. 3- 6  Electromagnetic  Flux  - Electromagnetic  energy  per  unit  time  or 
power  passing  through  a surface. 

5.1.1. 3- 7  Power  - The  energy  per  unit  time  which  a High  Energy  Laser 
Weapon  System  (HELWS)  is  capable  of  delivering. 
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5.1.2  Sub field  Tera:  Threat  Operations 


Definition:  Those  Inherent  capabilities  and  environmental 

factors  %rhlch  relate  to  the  ability  of  a threat  to  perform 
Its  basic  flrlng/launch  functions. 

Explanatory  Notes:  "Threat  operations"  has  been  subdivided 

Into  "environmental  factors"  and  "flrlng/launch  capabilities", 
which  contain  several  terms  each,  as  Indicated  by  the  sche- 
matic below. 
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5. 1.2.1  Subfield  Term:  Environmental  Factors 


Definition:  Those  factors  which  relate  to  the  Inherent  capa- 

bility of  a threat  to  adapt  to  and  function  In  various  opera- 
tional environments. 

Explanatory  Notes:  "Environmental  factors"  refers  to  those 

conditions,  both  physical  and  atmospheric,  which  tend  to  de- 
grade the  capability  of  the  threat  when  It  Is  operating  In  a 
combat  environment. 
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5. 1.2. 1- 1  Threat  Mobility  - The  ease  with  which  a threat  can  be  moved. 
Factors  considered  are  the  effort  required  for  disassembling,  loading, 
transporting,  and  setting  up  a new  location  so  that  effective  firing  or 
launching  can  be  achieved.  The  measures  of  mobility  are  operational  time 
at  one  location  or  downtime  required  in  moving  from  one  operating  site  to 
another. 

5. 1.2. 1- 2  Locational  Adaptability  - The  ability  of  a threat  to  adapt  to 
the  sites  at  which  its  operation  is  desired  in  a combat  environment. 
Factors  which  must  be  considered  in  site  selection  for  threats  are  area 
required,  smoothness  of  terrain,  access  to  road/highway,  class  of  highway 
required  for  transporting  threat,  etc. 

5. 1.2. 1- 3  Weather  Capability  - The  ability  of  a threat  to  track  and  de- 

liver the  threat  mechanism  to  a target  during  specified  variations  in 
visibility,  cloud  cover,  or  light  conditions.  Generic  measures  of  track- 
ing capability  Include:  (1)  clear  day  - ability  to  maintain  track  under 

daylight  conditions  with  no  intervening  clouds  and  required  visibility; 
(2)  clear  night  - ability  to  maintain  track  with  no  cloud  or  visibility 
constraints,  but  with  reduced  light  level  (i.e.,  half  moon,  quarter  moon, 
etc.);  (3)  hazy  - a qualifier  for  day  or  night  to  indicate  an  Increased 
amount  of  particulate  matter  in  the  air  (i.e.,  smoke,  dust,  etc.)  which 
will  degrade  the  effectiveness  of  a HELWS;  and  (4)  all  weather  - ability 
to  maintain  track  with  extremely  low  light  levels,  complete  cloud  cover, 
or  minimal  visibility. 
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5. 1.2. 2 Subfield  Term:  Flrlng/Launch  Capabilities 


Definition:  Physical  characteristics  and  limitations  which 

describe  the  basic  operational  capabilities  of  a threat  system 
In  a favorable  environment. 

Explanatory  Notes:  "Flrlng/Launch  Capabilities"  represents  the 

Inherent  capabilities  of  the  threat  without  regard  to  a speci- 
fic encounter  situation  with  an  aircraft.  The  table  below 
clarifies  the  content  of  this  group  of  terms  %rlth  respect  to 
similar  terms  In  other  subfields. 


SUBFIELD 

KEY  FACTORS 
OF  DEFINITKm 

EXAKPLE  TERMS 

5. 1.2. 2 

Flrlng/Launch 

Capabilities 

Inherent  Threat 

Flrlng/Launch 

Capability 

o Initial  Reaction  Time 
o Flrlng/Launch  Envelope 
o Slew  Rate 
o Rate  of  Fire 
o Threat  Firing  Modes 

5. 2. 1.1 

Encounter 

Conditions 

Encounter 

Characteristics 

o Open-Fire  Range 
o Target  Offset 
o Target  Angle  Off 

5. 2. 1.2.1 
Firing 

Opportunities 

Logical  Use  of 
Weapon  In  an 
Encounter 

o Allowable  Firing  Sector 
o Unmask  Range 
o Number  of  Rounds  Fired 

5. 2. 1.2. 2 

Firing 

Doctrine 

Use  of  Firing 
Opportunities 

o Barrage  Fire 
o Fire-While-Track 
o Shoot-Look-Shoot 
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5. 1.2. 2- 1  Initial  Reaction  Time  - The  interval  which  elapses  between  the 
time  a threat  is  made  aware  of  a need  to  be  fully  operational  and  the  time 
the  threat  Is  ready  to  begin  its  normal  operational  mode  against  target 
aircraft.  The  functions,  which  can  be  accomplished  In  parallel  during 
this  time  Interval,  consist  of  getting  personnel  In  "combat  ready"  posl- 

. tlons  and  transferring  the  equipment  from  a standby  or  alert  status  to  a 

* fully  operational  status. 

5. 1.2. 2- 2  Flrlng/Launch  Envelope  - A locus  of  points  which  represents  the 
position  of  an  aircraft  target  when  a projectlle/mlsslle  can  be  fired/ 
launched  with  the  expectation  of  achieving  an  Intercept  on  the  aircraft. 
When  considering  ground-based  (or  sea-based)  threats,  the  launch  envelope 

* Is  generally  depicted  relative  to  the  location  of  the  threat.  Conversely, 
the  launch  envelope  Is  normally  shown  relative  to  the  target  aircraft  In 
the  consideration  of  airborne  threats.  This  envelope  considers  the  track- 
ing time  required  before  a launch  can  feasibly  be  accomplished.  (Refer 

to  sketches  under  terms  "alr-to-alr  missile"  and  "surface-to-air  missile".) 

r- 

5. 1.2. 2- 3  Intercept  Envelope  - A locus  of  points  within  the  launch  en- 
velope which  defines  the  maximum  range  at  which  an  Intercept  could  be  made 
by  a projectile  or  missile  under  operational  conditions. 

5. 1.2. 2- 4  Maximum  Effective  Range  - The  maximum  distance  which  a projec- 

^ tile  or  missile  could  be  propelled  by  the  applied  force  and  still  arrive 

with  sufficient  residual  velocity  to  cause  damage  to  the  target.  This 
also  refers  to  the  maximum  distance  at  which  the  delivered  energy  density 
of  a HEL  beam  Is  sufficient  to  cause  damage  to  the  target  after  an  appro- 
priate time  Interval  Is  considered.  This  measure  does  not  consider  the 
effects  of  such  operation  considerations  as  tracking  time,  projectile/ 
missile  time  of  flight,  probability  of  hit,  etc. 

5. 1.2. 2- 5  Muzzle  Velocity  - The  velocity  of  the  projectile  with  respect 
to  the  muzzle  at  the  Instant  the  projectile  leaves  the  weapon.  This 
velocity  Is  a function  of  the  projectile  weight,  firing  charge  of  the 
projectile,  barrel  characteristics,  etc.  The  weapon  can  be  either  small 
arms  or  AAA. 

5. 1.2. 2- 6  Maximum  Slew  Rate  - The  maximum  angular  velocity  - in  both  azi- 
muth and  elevation  - at  which  the  flrlng/launch  carriage  of  the  threat  can 
be  rotated  In  order  to  begin  tracking  and  engaging  a target  that  was  in  a 
different  sector  of  the  sky  than  the  weapon  had  been  Initially  pointing. 

The  parameters  which  determine  these  velocities  Include  mass  or  weight  of 
the  equipment  to  be  rotated,  the  electrlcal/mechanlcal/hydraullc  power 
available  to  rotate  the  equipment,  etc. 

5. 1.2. 2- 7  Maximum  Tracking  Rate  - Maximum  rates  In  azimuth  or  In  eleva- 
tion that  the  firing  or  launch  mechanism  can  be  rotated  while  position 
vs  time  Is  measured  and  used  In  the  prediction  of  target  future  position. 
(Slewing  rate  denotes  "clutch  disengaged"  or  "uncoupled"  rotation  of 
firing  mechanism.) 
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5. 1.2. 2- 8  Rate  of  Fire  — The  nund>er  of  projectiles  per  unit  tine  that  a 
threat  Is  capable  of  firing.  This  tern  is  prlnarlly  used  as  a measure  for 
small  arms  and  AAA.  Launch  rate  Is  a similar  term  which  la  used  in  con- 
nection with  number  of  missiles  per  unit  time  which  can  be  launched  by  a 
SAM  site. 

5. 1.2. 2-  9 Threat  Firing  Modes  — A set  of  operational  usage  options  pos- 

sessed by  a threat  which  are  attributable  to  the  associated  equipment 
(l.e.,  fire  control  system,  sensors,  etc.).  The  different  modes  are 
normally  defined  in  terms  of  the  sensors  used  for  obtaining  the  ranging 
and  tracking  information  required  to  predict  lead  angle  information. 
Examples  are:  optical/optical  (l.e.,  optical  ranging  and  optical  track- 

ing), radar/radar  (l.e.,  radar  ranging  and  radar  tracking),  radar/optical 
(i.e.,  radar  ranging  and  optical  tracking),  etc. 

5.1.2.2- 10  Lock-on  Boundary  - Area  projected  on  the  ground  plane  wherein 
the  missile  seeker  can  automatically  track  (lock-on)  to  the  target's  radar 
or  Infrared  signature. 

5.1.2.2- 11  Kinematic  Boundary  - Area  projected  6n  the  ground  plane  wherein 
the  missile  reaches  flight  speed  and  can  maneuver,  and  its  warhead  is 
armed  (Inner  Kinematic  boundary)  or  the  area  projected  on  the  ground  with- 
in which  an  intercept  can  be  made  due  to  limitations  on  missile  on  board 
propellant  (maximum  range  capability,  outer  Kinematic  boundary). 

5.1.2.2- 12  Dead  Zone  — That  area  in  the  immediate  vicinity  of  the  gun  or 
missile  site  wherein  targets  cannot  be  engaged  due  to  such  things  as  arm- 
ing distances,  flight  speed  for  missile  maneuvering,  high  angular  rates 
of  the  target  for  guns,  etc. 

5.1.2.2- 13  Detection  Time  — Time  from  break  mask  (unmask)  until  presence 
of  a target  is  discerned. 

5.1.2.2- 14  Acquisition  Tims  - Time  from  detection  until  some  sighting  or 
tracking  device  has  been  brought  to  bear. 

5.1.2.2- 15  Identification  Time  - In  air  defense  missile  sites,  the  time 
from  acquisition  (track)  until  the  target  responds  to  IFF  Interrogation, 

or  until  several  seconds  have  elapsed.  Indicating  no  response.  In  general, 
the  elapsed  time  between  acquisition  and  determination  as  to  hostile,  fri- 
endly, or  unknown. 

5.1.2.2- 16  Engagement  Tims  - Elapsed  time  during  which  the  air-ground 
interaction  is  actively  taking  place.  (Open  fire,  until  break-off.) 

5.1.2.2- 17  Time— of— Flight  - Elapsed  time  from  missile  launch  until  ar- 
rival in  the  vicinity  of  the  target,  or  from  the  time  a round  or  burst 
leaves  the  muxsle  until  it  reaches  the  vicinity  of  the  target. 
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5.1.3  Subfield  Term:  Threat  Lethality 


Definition:  A delineation  of  those  factors  which  relate  to  the 

fire  control,  trajectory,  and  terminal  effects  inherent  to  a 
threat  in  the  process  of  directing,  projecting,  and  activating 
threat  mechanisms  designed  to  cause  damage  to  a target. 

Explanatory  Notes:  The  term  "threat  lethality"  is  used  to  re- 

fer to  that  collection  of  data  which  defines  the  threat's  fire 
control,  trajectory,  and  terminal  effects  parameters.  Accord- 
ingly, "threat  lethality"  has  been  subdivided  into  three  sub- 
fields  for  the  categorization  of  terms.  The  subfields  are 
depicted  in  the  schematic  below  on  essentially  a time-sequenced 
basis.  Example  entries  Illustrate  the  general  content  of  each 
of  these  subfields  and  the  distinctions  which  are  to  be 
preserved. 


5T3 

THREAT  LETHALITY 


6.1 .3.2 

trajectory  factors 

• BALLISTIC  DISPERSION 
•GRAVITY  DROP 
•THERMAL  BLOOMING 


5.1. 3.1  Subfield  Term:  Fire  Control  Factors 


Definition:  Those  descriptors  which  portray  the  mode,  usage, 

and  accuracy  capabilities  associated  with  the  pointing,  direct- 
ing, firing,  or  launching  phase  of  the  threat  sequence  of 
operations . 

Explanatory  Notes:  The  term  "fire  control  factors"  Is  used  to 

represent  that  collection  of  terms  which  relate  to  Initial  error 
sources  and  other  factors  that  are  Incurred  In  the  firing  or 
launching  phase  of  an  aircraft/threat  encounter.  The  table 
below  clarifies  the  content  of  this  group  of  terms  with  respect 
to  terms  In  other  subfields. 


SUBFIELD 

KEY  FACTORS 
OF  DEFINITION 

EXAMPLE  TERMS 

5. 1.3.1 
Fire  Control 
Factors 

Initial  Error  and 
Other  Factors 

o Tracking  Error 
o Aiming  Error 
o Lead  Angle  Prediction 

5. 1.3.2 

Trajectory 

Factors 

Transit  Error  and 
Other  Factors 

o Gravity  Drop 
o Ballistic  Dispersion 
o Thermal  Blooming 

5. 2. 2. 1.2 
Vulnerability 
Assessment 
Techniques 

Exclusive  of 
Error;  Impact 
Is  Assumed 

o Penetration  Iiq>act 
Conditions 
o Grid  Size 
o Attack  Aspect 
o Equivalent  Density 

5. 2. 2. 2. 2 
Survivability 
Assessment 
Techniques 

Final  Errors  and 
Other  Factors 

— 
o Hit  Distribution 
o Total  Weapons  System 
Dispersion 
o Dynamic  Fragment 
Spray  Angles 
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5. 1.3. 1- 1  Acquisition  Limit  - Maximum  unobscured  range  at  which  an  air- 
craft can  be  acquired  (or  detected)  by  threat  sensors  (e.g.,  radar, 
visual.  Infrared). 

5. 1.3. 1- 2  Tracking  Error  - Errors  Introduced  into  the  firing  or  launching 
operations  of  threats  by  the  inability  of  the  tracking  system  (l.e.,  op- 
tical, radar,  etc.)  to  provide  an  exact  record  of  an  aircraft  flight  path. 
Tracking  data  is  utilized  by  the  enemy  defenses  for  many  purposes  - alert- 
ing appropriate  threat  units,  establishing  threat  tactics,  establishing 
lead  angle  information  for  weapon  firing,  etc.  Therefore,  the  source  and 
magnitude  of  tracking  errors  are  significant  considerations  in  assessing 
defense  effectiveness.  The  term  "tracking  error"  is  used  to  represent 
the  net  effect  of  all  contributors  or  sources  in  specifying  target  posi- 
tion data;  hence,  specific  error  distributions  or  measures  (l.e.,  bias, 
dispersion,  etc.)  are  dependent  upon  specific  systems. 

5.1. 3.1- 3  Aiming  Error  - Errors  Introduced  into  the  firing  or  launching 
operations  of  threats  from  the  inability  to  correctly  position  or  aim  the 
appropriate  equipment  at  a desired  location.  "Aiming  errors"  are  used  to 
represent  those  errors  involved  in  pointing  or  positioning  a device  such 
as  a weapon  or  weapon  platform  at  a desired  point  as  computed  from  a fire 
control  system.  These  errors  may  stem  from  a human  Interface  (or  human 
operator),  from  a machine,  or  from  a combination  of  both.  As  an  example, 
pilot  aiming  error  (or  positioning  error)  results  from  an  inter-action 
between  the  pilot  and  the  response  of  the  aircraft.  Specific  error  dis- 
tributions (l.e.,  biases,  dispersion,  etc.)  depend  upon  the  specific 
system  being  considered. 

5. 1.3. 1- 4  Lead  Angle  Prediction  - That  process  used  to  establish  desired 
weapon  positioning  or  aiming  Information.  All  weapons  employing  ballistic 
projectiles  must  be  provided  with  some  means  of  solving  the  fire  control 
problem  illustrated  in  the  figure.  From  measurement  of  current  target 
position  and  velocity,  future  target  position  must  be  established,  weapon 
aim  angles  (e.g.,  azimuth  and  elevation)  determined,  and  the  weapon  posi- 
tioned and  fired  so  that  the  projectiles  and  target  will  arrive  at  the 
same  point  simultaneously.  This  process  is  referred  to  as  "lead  angle 
prediction".  The  equipment  used  to  measure  current  target  position  and 
velocity,  and  the  logic  used  to  predict  the  intercept  point  depends  upon 
specific  systems. 

CURRENT  TARGET 
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5.1. 3.1-5  Prediction  Bias  - A bias  (or  miss  distance)  resulting  from 
errors  In  the  prediction  of  the  target  flight  path.  "Prediction  bias" 
errors  may  be  the  result  of  unexpected  or  evasive  target  maneuvers  (l.e., 
jinking)  during  the  flight  time  of  the  projectile  or  from  limitations  In- 
herent In  the  extrapolation  process  used  to  predict  future  target  position. 
The  "prediction  bias"  for  any  firing  situation  Is  normally  defined  as  the 
minimum  distance  from  the  predicted  Intercept  point  to  the  target  as  shown 
In  the  figure. 


5.1. 3.1- 6  Lock-on  - The  term  used  to  Indicate  that  (automatic)  fine  track 
Is  In  progress,  and  that  a shot  can  be  taken. 

5.1. 3.1- 7  Jitter  - Ihls  Is  a cond>lnatlon  of  aiming  and  tracking  errors 
produced  by  the  system  and  atmospheric  effects  (turbulent  jitter)  which 
cause  HEL  beam  to  move  about  on  the  target  surface. 


32 


5. 1.3.2  Subfield  Te’-m:  Trajectory  Factors 

Definition:  Those  factors  which  relate  to  the  warhead  flight 

path  or  to  any  analogous  propagation  path  of  the  threat 
mechanism. 

Explanatory  Notes:  The  term  "trajectory  factors"  represents 

the  transit  errors  and  related  factors  that  are  incurred  in 
the  flight  of  the  threat  propagation  device  during  an  aircraft/ 
threat  encounter.  The  table  below  clarifies  the  content  of 
this  group  of  terms  with  respect  to  similar  terms  in  other 
subfields . 


SUBFIELD 

KEY  FACTORS 
OF  DEFINITION 

EXAMPLE  TERMS 

5. 1.3.1 

Initial  Error  and 

o Tracking  Error 

Fire  Control 

Other  Factors 

o Aiming  Error 

Factors 

o Lead  Angle  Prediction 

■ - 

Transit  Error  and 

0 Gravity  Drop 

1 

Trajectory 

Other  Factors 

o Ballistic  Dispersion 

1 

Factors 

o Thermal  Blooming 

1 

3. 2. 2. 1.2 

Exclusive  of 

0 Penetration  Impact 

Vulnerability 

Error;  Impact 

Conditions 

Assessment 

Is  Assumed 

o Grid  Size 

Techniques 

o Attack  Aspect 

o Equivalent  Density 

5. 2. 2. 2. 2 

Final  Errors  and 

0 Hit  Distribution 

Survivability 

Other  Factors 

0 Total  Weapons  System 

Assessment 

Dispersion 

Techniques 

o Dynamic  Fragment 

Spray  Angles 

5. 1.3. 2-1  Gravity  Drop  - A BaaNur*  of  th«  deviation  in  the  flight  path 
of  a projectile  attributable  to  gravi'^at < ^al  force.  "Gravity  drop"  is 
used  to  describe  the  diaplacea»nt  in  ' ideal  trajectory  of  a projectile 
due  to  gravity.  The  gravity  drop  la  v.oportlonal  to  the  time  of  flight 
and  has  been  aproxlmated  aa  1/2  gt^,  where  g la  the  gravitational  force 
and  t is  the  time  of  flight. 


5. 1.3. 2- 2  Ballistic  Dispersion  - The  scatter  of  Impact  points  of  projec- 
tiles about  a mean  point  on  the  target  under  fixed  firing  conditions  and 
exclusive  of  aiming  and  installation  factors.  "Ballistic  dispersion" 
refers  to  those  variations  in  the  Impact  point  attributable  only  to  gun 
and  ammunition  characteristics.  Causes  of  ballistic  dispersion  are  weight 
and  surface  variations  between  projectiles,  variations  in  muzzle  velocity 
due  to  propellent  weight  differences,  variation  in  burning  efficiencies, 
etc.,  and  variations  in  the  aerodynamic  forces.  These  latter  factors 
(lift,  pitching  force,  increased  drag  with  yaw,  etc.)  result  from  differ- 
ences in  barrel  exit  conditions  for  each  projectile. 

5. 1.3. 2- 3  Ballistic  Coefficient  - A parameter  or  measure  which  is  used 
to  represent  or  account  for  the  attenuation  of  the  velocity  of  a projec- 
tile or  fragment  in  transit  from  the  firing  mechanism  to  the  target. 
"Ballistic  coefficients"  are  normally  used  in  approximate  formulations  to 
determine  average  speed  or  times-of-f light  for  a projectile.  For  example, 
average  projectile  speed,  Vp,  can  be  obtained  from 

V m Si 

p exp  (oR)  - 1 

where 

V ■ muzzle  velocity 
R <■  range 

a “ ballistic  coefficient 

5.1. 3.2- 4  Thermal  Blooming  - A non-linear  dispersion  of  electromagnetic 
radiation  due  to  atmospheric-index-of-refraction  changes  caused  by  molec- 
ular absorption  of  the  propagating  energy.  Vfhen  electromagnetic  radiation 
(l.e.,  a beam)  passes  through  a gas,  some  of  its  radiant  energy  will  be 
absorbed  by  the  gas  molecules  and  transformed  into  kinetic  energy.  The 
resultant  temperature  rise  will  force  the  gas  particles  away  from  the  beam 
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until  the  particle  density  has  been  reduced  to  the  proper  level  for  that 
particular  temperature  and  pressure.  If  the  beam  Is  non-uniform  (l.e., 
more  Intense  at  the  center  than  at  Its  edges) , the  resultant  density  will 
be  less  at  the  center  than  at  the  edges  and,  hence,  the  atmospheric  Index 
of  refraction  (proportional  to  density)  will  vary  across  the  beam.  Since 
light  rays  are  bent  away  from  areas  of  low  Index  of  refraction,  a beam 
dispersion  results.  The  magnitude  of  this  dispersive  effect  depends  on 
many  factors  - wavelength,  beam  intensity,  atmospheric  conditions,  etc.  - 
and  may  not  degrade  all  threat  types. 

5.1. 3.2- 5  Atmospheric  Attenuation  - The  attenuation  of  electromagnetic 
radiation  due  to  absorption  (by  gases)  and  scattering  (by  particles)  by 
the  atmosphere. 

5.1. 3.2- 6  Tumbling  - The  rolling  (propellerlng)  about  the  trajectory 
axis,  and  yawing  and  pitching  about  the  other  two  axes,  which  a projectile 
or  fragment  In  flight  experiences. 
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5. 1.3. 3 Subfield  Term:  Terminal  Effects  Parameters 


Definition:  Those  factors  which  relate  to  the  Inherent  capa- 

bility of  the  warhead  (or  any  analogous  component)  of  a threat 
to  generate  its  associated  threat  mechanisms. 

Explanatory  Notes:  "Terminal  effects  parameters"  are  descrip- 

tors of  the  inherent  ability  of  the  threat-delivered  "warhead" 
(in  terms  of  intensities,  velocities,  distances,  etc.)  to  gen- 
erate threat  mechanisms.  The  table  below  clarifies  the  content 
of  this  term  as  distinguished  from  terms  and  meanings  with  which 
it  might  be  confused. 


SUBFIELD 


KEY  FACTORS 
OF  DEFINITION 


EXAMPLE  TERMS 


5. 1.1. 3 

Threat 

Mechanisms 


Nature  of  the 
Warhead  Output 


o Blast 
o Penetrator 
o Fragment 
o Incendiary 
o Electromagnetic  Flux 


5. 1.3. 3 
Terminal 
Effects 
Parameters 


Intensity  of  the 
Threat  Mechanisms 
Output 


o Projectile  Caliber 
o Equivalent  Weight  of  TNT 
o Incendiary  Flash  Duration 
o Fragment  Density 


5.3.1 

Damage 

Processes 


Interactions 
Between  Threat 
Mechanisms  and 
Target 


Blast  Effects 
/ Blast  Loading 
Ignition 
/ Explosion 
Penetration 
/ Ballistic  Impact 
Thermal  Effects 
/ Impulse  Loading 


5.1.’3.3-1  Prolectlle  Caliber  - A standard  measurement  for  the  diameter 
of  a projectile.  This  diameter  can  also  be  expressed  In  other  linear 
units  of  measurement  (l.e.,  millimeters.  Inches,  etc.). 

5. 1.3. 3- 2  Equivalent  Weight  of  TNT  - The  total  energy  of  any  given  high- 
explosive  shell  divided  by  the  chemical  energy  of  one  pound  of  TNT.  With 
this  criterion,  the  results  of  firings  of  bare  charges  of  TNT  can  be  used 
to  estimate  the  damage  caused  by  the  Impact  of  a high-explosive  shell  at 
any  striking  velocity. 

5.1. 3. 3- 3  Charge- to- Total-Weight  Ratio  - A ratio  of  explosive-charge 
weight  to  total-projectile  weight  which  Is  normally  used  In  emperlcal 
formulas  to  estimate  Initial  fragment  velocities. 

5. 1.3. 3- 4  Controlled  Fragmentation  - A desired  combination  of  fragmenta- 
tion pattern  and  mass  distribution  which  Is  derived  from  the  design  of  the 
explosive  charge,  casing,  burning  pattern,  etc. 

5. 1.3. 3- 5  Incendiary  Flash  Duration  - An  Interval  of  time  over  which  the 
Incendiary  filler  In  a projectile  will  bum  following  Initiation. 

5. 1.3. 3- 6  Critical  Impact  Velocity  - A minimum  striking  velocity  between 
a projectile  and  target  at  which  a projectile  fuze  will  Initiate. 

5. 1.3. 3- 7  Fragment  Density  - The  number  of  fragments  per  unit  area  which 
Is  normally  measured  In  terms  of  the  distance  from  the  point  of  warhead 
detonation. 


5. 1.3. 3- 8  Static  Fragment  Spray  Angles  - An  angular  fleld-of-vlew  In 
which  fragments  are  emitted  following  the  static  detonation  of  a controlled 
fragmentation  warhead. 

5.1. 3. 3- 9  Initial  Fragment  Velocity  - A fragment  velocity  attributable 
solely  to  the  detonation  of  the  warhead. 

5.1.3.3- 10  Total  Fragment  Initial  Velocity  - A fragment  velocity  attrib- 
utable to  both  the  detonation  of  the  warhead  and  the  velocity  of  the 
warhead  at  the  time  of  detonation. 

5.1.3.3- 11  Coupling  - The  deposition  of  energy  from  an  HEL  beam  Into  the 
target  surface. 

5.1.3.3- 12  Flash  Blinding  - The  brilliant  Illumination  caused  by  a HEL 
beam  Interacting  with  the  target  In  an  area  such  that  the  personnel  In 
the  target  are  temporarily  blinded. 

5.1.3.3- 13  Almpolnt  - A pre-selected  position  on  the  target  at  which  a 
HEL  beam  Is  to  be  directed. 

5.1.3.3- 14  Energy  Pile  - For  a HELWS,  this  Is  the  time  Integral  of  the 
Intensity  that  has  passed  through  each  point  of  the  Incident  plane  at  the 
target  taken  during  a specified  time  Increment. 
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Example  of  an  Energy  Pile. 


5.1.3.3- 15  Spot  Size  - This  defines  the  effective  size  of  an  HEL  beam  upon 
a target.  It  Is  found  by  considering  a plane  Intersecting  the  energy  pile 
normal  to  the  beam  direction.  The  spot  size  Is  then  the  diameter  of  the 
circle  formed  by  the  Intersection.  (When  the  energy  pile  Is  not  symmetri- 
cal about  a point,  an  average  diameter  Is  used.)  Note,  any  use  of  spot  size 
Is  meaningless  unless  the  total  energy  In  the  pile  and  the  total  energy  con- 
tained In  the  spot  size  are  also  stated. 

5.1.3.3- 16  Peak  Intensity  - The  highest  Intensity  occurring  within  an 
HELWS  beam,  an  Instantaneous  quantity. 

5.1.3.3- 17  Average  Peak  Intensity  - This  Is  the  maximum  Intensity  (joules/ 
cm2  -sec)  that  develops  In  the  energy  pile  of  a HEL  beam,  divided  by  the 
accumulation  time  of  the  pile. 

5.1.3.3- 18  Average  Intensity  - This  Is  the  average  Intensity  (joules/ 
cm2-sec)  delivered  by  an  HELWS  upon  a target  during  a'  given  time  Incre- 
ment. It  Is  the  total  energy  delivered  within  a spot  size,  divided  by  the 
product  of  the  spot  size  area  and  the  engagement  time. 


AVERAGE  INTENSITY 


TOTAL  ENERGY  w/ln  SPOT 
(SPOT  AREA)  (ENGAGEMENT  TIME) 


It  must  be  noted  that  the  term  average  Intensity  is  meaningless  unless  the 
spot  size  la  completely  defined  (see  5.1.3.3-15). 
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3.2  Topical  Field  Term:  Assessment  Methodology 


f 


I 


f 


Definition:  Those  evaluation  techniques  and  measures  that  are 

useful  In  the  systematic  quantification  and  evaluation  of  the 
vulnerability  and  survivability  of  an  aircraft  during  opera- 
tions In  a man-made  hostile  environment. 

Explanatory  Notes:  The  topical  field  "Assessment  Methodology" 

contains  terms  which  provide  descriptive  material  on  the 
threat/aircraft  encounter  situation  and  the  resultant  quanti- 
tative values  for  vulnerability  and  survivability  of  the  air- 
craft. Accordingly,  this  topical  field  Is  subdivided  Into 
"Encounter  Descriptors"  and  "Encounter  Results  Assessment". 

The  "encounter  descriptor"  subfield  contains  terms  which  are 
used  to  describe  the  geometry  of  the  encounter,  weather  condi- 
tions, and  threat  type  and  response.  The  "encounter  results 
assessment"  subfield  contains  terms  which  are  used  to  describe 
aircraft  survivability/vulnerability  measures  and  techniques. 


5.2.1  Subflcld  Tern:  Encounter  Descriptors 


Definition:  Those  mission  parameters  that  characterize  an 

engagement  between  aircraft  and  hostile  defensive  or  offensive 
forces. 

Explanatory  Notes:  The  term  "encounter  descriptors"  Is  used 

to  represent  that  set  of  terms  which  best  describes  the  pre- 
vailing conditions  associated  with  an  alrcraf t/threat  encounter. 
These  terms  are  used  to  describe  environmental  conditions,  rel- 
ative geometries  between  the  aircraft  and  threat,  time  lines 
for  the  different  encounter  events,  threat  types,  threat 
deployment/locatlon,  and  threat  responses  to  variations  In 
environmental  conditions  and  aircraft  tactics.  Accordingly, 
"encounter  descriptors"  has  been  subdivided  as  shown  below. 


5. 2. 1.1  Subfield  Term:  Encounter  Conditions 


Definition:  Descriptors  that  characterize  features  of  an  en- 

counter environment  where  these  features  are  not  necessarily 
Inherent  to  either  the  aircraft  or  the  hostile  force,  although 
they  could  derive  from  tactical  considerations  or  from  opera- 
tional limitations. 

Explanatory  Notes:  The  "encounter  conditions"  subfield  repre- 

sents those  terms  which  are  descriptors  of  the  weather  condi- 
tions, terrain,  geometry,  range,  threat  deployment,  flight 
path,  and  similar  factors.  The  table  below  clarifies  the 
content  of  this  group  of  terms  with  respect  to  similar  terms 
In  other  subfields. 


SUBFIELD 


KEY  FACTORS 
OF  DEFINITION 


EXAMPLE  TERMS 


5. 1.2. 2 

Flrlng/Launch 

Capabilities 


Inherent 
Threat  Firing/ 
Launch  Capability 


o Initial  Reaction  Time 
o Flrlng/Launch  Envelope 
o Slew  Rate 
o Race  of  Fire 
o Threat  Firing  Modes 


5. 2. 1.1 

Encounter 

Conditions 


Encounter 

Characteristics 


o Open-Fire  Range 
o Target  Offset 
o Target  Angle  Off 


5. 2. 1.2.1 
Firing 

Opportunities 


Logical  Use  of 
Weapon  in  an 
Encounter 


o Allowable  Firing  Sector 
o Unmask  Range 
o Number  of  Rounds  Fired 


5. 2. 1.2. 2 

Firing 

Doctrine 


Use  of  Firing 
Opportunities 


o Barrage  Fire 
o Fire-While-Track 
o Shoot-Look-Shoot 


5. 2. 1.1- 1  Threat  Environment  - Identification  and  apeclf Icatlon  of  the 
types  of  enemy  threats  to  be  encountered,  their  number,  their  deployment 
enroute  to  and  around  target  sites,  and  the  type  of  warheads  to  be  used. 

5. 2. 1.1- 2  Open-Fire  Range  - That  aircraft /threat  separation  range  at 
which  the  threat  commences  firing.  The  "open-fire  range"  Is  not  neces- 
sarily the  maximum  effective  range  of  the  weapon.  The  open  fire  range 
Is  a function  of  threat  tactics,  aircraft  flight  conditions,  terrain 
features,  weather  conditions,  ECM  environment,  etc.,  as  well  as  maviminn 
effective  range  of  the  threat. 

5. 2. 1.1- 3  Target  Offset  - The  minimum  horizontal  separation  distance 
from  the  aircraft  to  a ground-  or  sea-based  threat.  "Target  offset" 

Is  Illustrated  below. 


5. 2. 1.1-4  Target  Angle  Off  - An  angle  between  the  velocity  vector  of 
the  aircraft  and  the  llne-of-slght  between  the  target  and  threat. 
"Target  angle  off"  Is  Illustrated  below.  (See  5. 2. 2. 1.2-5  for  attack 
parameter  definitions  relative  to  the  target.) 


5. 2. 1.1-5  Distance  to  Cross-Over  - If  a perpendicular  line  Is  drawn 
from  the  ground  gun  or  missile  position  to  the  closest  point  of 
approach  of  the  target  (in  a fly-by) , or  to  the  closest  point  of 
approach  projected  (turn-away) , the  aircraft's  distance  from  this 
point  projected  onto  the  ground  plane  is  Its  distance  from  crossover. 
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3. 2. 1.2  Subfield  Term:  Threat  Actions 


Definition:  Actions  directly  connected  with  the  use  of  weapons 

by  hostile  forces  under  specified  encounter  conditions. 

Explanatory  Notes:  The  term  "threat  actions"  represents  those 

descriptors  which  define  the  capabilities  and  employment  of 
threats  In  reaction  to  engagements  with  aircraft.  The  descrip- 
tive data  associated  with  these  threat  reactions  Include  the 
logical  firing  of  weapons  when  the  target  can  be  Impacted  and 
the  firing  tactics  employed  during  these  potential  Impact 
periods.  Accordingly,  "threat  actions"  has  been  subdivided 
as  shown  below. 
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5.2. 1.2.1  Sub field  Term:  Firing  Opportunities 


Definition:  Those  events  In  the  sequence  of  an  encounter 

during  vrtilch  hostile  forces  can  logically  use  weapons  against 
aircraft,  defined  In  terms  of  number,  nature,  order,  times, 
flrlng~0K>de  feasibility,  operational  constraints,  and  similar 
descriptors. 

Explanatory  Notes:  The  "firing  opportunities"  subfield  repre- 

sents the  flrlng/launch  capabilities  as  constrained  by  the 
operational  environment  and  the  geometry  associated  with  the 
threat/target  encounter.  Tue  table  clarifies  the  content  of 
this  group  of  terms  with  respect  to  similar  terms  In  other 
subfields. 


SUBFIELD 

KEY  FACTORS 
OF  DEFINITION 

EXAMPLE  TERMS 

5. 1.2. 2 

Flrlng/Launch 

Capabilities 

Inherent 
Threat  Firing/ 
Launch  Capability 

o Initial  Reaction  Time 
o Flrlng/Launch  Envelope 
o Slew  Rate 
o Rate  of  Fire 
o Threat  Firing  Modes 

5. 2. 1.1 

Encounter 

Conditions 

Encounter 

Characteristics 

o Open-Fire  Range 
0 Target  Offset 
o Target  Angle  Off 

Logical  Use  of 
Weapon  In  an 
Encounter 

o Allowable  Firing  Sector 
o Unmask  Range 
o Number  of  Rounds  Fired 

5. 2. 1.2. 2 

Firing 

Doctrine 

Use  of  Firing 
Opportunities 

o Barrage  Fire 
o Flre-Whlle-Track 
o Shoot-Look-Shoot 
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5. 2. 1.2. 1- 1  Allowable  Firing  Sector  - A defined  geographical  or  physi- 
cal area  Into  which  a threat  is  permitted  to  fire.  The  "allowable 
firing  sector"  Is  that  area  In  which  a threat  may  take  offensive  action 
against  an  aircraft  target.  Limits  on  the  threat's  basic  capability  may 
be  attributable  to  potential  hazards  to  friendly  troops,  aircraft,  etc. 

5. 2. 1.2. 1- 2  Unmask  Range  - An  aircraft/threat  separation  range  at  which 
the  llne-of-slght  Is  unobstructed.  The  "unmask  range"  defines  that  sep- 
aration range  at  which  the  threat-associated  acquisition,  detection, 

and  tracking  systems  (visual,  radar,  IR,  etc.)  can  freely  view  the  air- 
craft. A sketch  of  this  range  Is  shown  below. 


A/C  FLIGHT  PATH 


LOCAL  TERRAIN 


5. 2. 1.2. 1- 3  Intervlslblllty  - Intervlslblllty  exists,  between  air  and 
ground,  when  the  aircraft  reaches  a point  where  there  Is  no  Intervening 
terrain  or  vegetation.  Essentially,  this  Is  the  location  where  llne-of- 
slght  Is  unobstructed  between  aircraft  and  the  ground  observer,  sighting 
device,  or  ground  target  In  question. 

5. 2. 1.2. 1- 4  Number  of  Rounds  Fired  - The  number  of  rounds  each  threat 
type  fires  at  each  aircraft  target.  The  number  of  rounds  depends  upon 
firing  doctrine,  terrain  features,  ECM,  tactics,  etc. 


5. 2. 1.2. 2 Subfield  Term:  Firing  Doctrine 

Definition:  The  manner  In  which  forces  use  (plan  to  use) 

their  firing  opportunities;  also,  the  set  of  criteria  employed 
by  the  force  In  structuring  Its  plan. 

Explanatory  Notes:  The  "firing  doctrine"  subfield  represents 

the  usage  of  the  weapon-firing  opportunities  dictated  by 
tactics.  The  table  below  clarifies  the  content  of  this  group 
of  terms  with  respect  to  similar  terms  In  other  subfields. 


SUBFIELD 

KEY  FACTORS 
OF  DEFINITION 

EXAMPLE  TERMS 

5. 1.2. 2 

Flrlng/Launch 

Capabilities 

Inherent 
Threat  Firing/ 
Launch  Capability 

o Initial  Reaction  Time 
0 Flrlng/Launch  Envelope 
o Slew  Rate 
o Rate  of  Fire 
o Threat  Firing  Modes 

5. 2. 1.1 

Encounter 

Conditions 

Encounter 

Characteristics 

o Open-Fire  Range 
o Target  Offset 
o Target  Angle  Off 

5. 2. 1.2.1 
Firing 

Opportunities 

Logical  Use  of 
Weapon  In  an 
Encounter 

o Allowable  Firing  Sector 
o Unmask  Range 
o Number  of  Rounds  Fired 

5. 2. 1.2. 2 

Firing 

Doctrine 

Use  of  Firing 
Opportunities 

o Barrage  Fire 
o Fire-While-Track 
o Shoot-Look-Shoot 
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5. 2. 1.2. 2- 1  Barrage  Fire  - A firing  doctrine  or  mode,  typically 
associated  with  small  arms,  antiaircraft  artillery,  and  HELWS,  in  which 
the  threat  continuously  fires  into  a localized  sector;  no  target  track- 
ing or  round-to-round  lead  angle  estimation  is  utilized.  "Barrage  fire" 
has  been  used  by  defenses  when  (1)  insufficient  time  is  available  to 
establish  a tracking  solution,  (2)  aircraft  penetration  tactics  or  ECM 
environment  prohibits  use  of  a fire-while-t rack-mode , or  (3)  the  pene- 
trating aircraft  flight  path  or  penetration  corridor  is  known  such  that 
the  defense  can  optimize  its  effectiveness  by  massing  threats  in  a 
localized  area. 

5. 2. 1.2. 2- 2  Fire-While-Track  - A firing  doctrine,  or  mode,  typically 
associated  with  antiaircraft  artillery,  in  which  the  threat  continuously 
tracks  and  fires  at  an  aircraft  within  its  allowable  firing  sector.  The 
"flre-whlle-track"  firing  mode  is  normally  utilized  by  weapons  systems 
that  have  an  Integrated  capability  to  continuously  predict  lead  angles, 
position  (aim),  and  fire  at  aircraft.  The  effectiveness  of  this  firing 
doctrine  depends  upon  such  factors  as  the  threat  slew  rate,  rate-of-flre, 
range  effectiveness,  lead  angle  prediction  capability,  etc. 

5. 2. 1.2. 2- 3  Shoot-Look- Shoot  - A firing  doctrine  normally  used  by 
surface-to-air  gun  and  missile  sites  in  which  miss  distance  or  damage 
assessment  is  made  between  successive  bursts  of  fire  or  launchings.  The 
"shoot-look-shoot"  doctrine  is  normally  used  by  long  range  systems  with 
guided  weapons  (i.e.,  SAMs)  that  have  a relatively  high  single-shot  kill 
probability  as  a means  of  optimizing  total  system  effectiveness. 
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5. 2. 1.3  Subfield  Term:  Encounter  Frequency 


Definition:  A measure  giving  the  repetition  factor  expected 

to  apply  to  specific  encounter  conditions. 

Explanatory  Notes:  This  measure  Is  normally  expressed  In 

terms  of  expected  encounters  per  sortie  (per  unit  distance, 
per  unit  time,  per  target,  or  other  similar  unit),  thus  pro- 
viding quantification  of  the  significance  of  the  specific 
encounter  condition  In  the  total  mission  environment.  Weight- 
ing or  scaling  factors  may  also  be  used  to  determine  expected 
sorties  per  unit  In  relative  terms. 


4 


} 


48 


t 


5.2.2  Subfield  Term:  Encounter  Results  Assessment 


Definition:  Systematic  description,  delineation,  and  quanti- 

fication of  the  expected  results  of  an  engagement  between  air- 
craft and  hostile  forces. 

Explanatory  Notes:  The  assessment  of  an  encounter  between  an 

aircraft  and  hostile  forces  requires  knowledge  of  both  aircraft 
vulnerability  and  those  factors  that  Influence  the  probability 
of  receiving  a hit.  Accordingly,  "encounter  results  assess- 
ment" is  subdivided  into  the  following  subfields: 
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5. 2. 2.1  Subfield  Term:  Vulnerability  Assessment  Methodology 

Definition:  Those  measures  and  techniques  employed  In  the 

systematic  description,  delineation,  and  quantification  of 
the  vulnerability  of  an  aircraft  when  subjected  to  threat 
mechanisms. 

Explanatory  Notes:  The  "vulnerability  assessment  methodology" 

subfield  contains  those  terms  which  are  used  to  Identify  both 
the  vulnerability  measures  and  the  assessment  techniques  em- 
ployed In  quantitatively  measuring  and  analyzing  the  response 
of  an  aircraft  when  subjected  to  threat  mechanisms.  Accord- 
ingly, "vulnerability  assessment  methodology"  has  been  sub- 
divided as  shown  below. 


5. 2. 2. 1.1  Subfield  Term:  Vulnerability  Measures 

Definition:  Terms  used  to  define,  describe,  delineate,  dis- 

tinguish, and  quantify  the  vulnerability  of  an  aircraft  in 
encounters  with  hostile  forces. 

Explanatory  Notes:  Numerous  descriptors  and  summary  "vulnera- 

bility measures"  have  been  used  to  describe  the  response  of 
components,  subsystems,  and  systems  when  subjected  to  threat 
mechanisms.  In  general,  these  summary  measures  can  be  categor- 
ized into  one  of  the  following  classes:  (1)  tlme-to-f allure , 

(2)  probability  of  occurrence  (of  a particular  damage  and 
failure  mode) , (3)  vulnerable  area,  and  (4)  composite  loss 
factor  that  is  normally  the  vulnerable  area  or  probability  of 
occurrence  weighted  by  threat  encounter  frequency.  These 
measures  are  not  Independent,  and  the  choice  of  which  measure 
to  use  depends  on  the  particular  application  - aircraft  type, 
aircraft  design  status  (predesign,  detailed  design,  or  design 
retrofit),  threat  type,  associated  threat  mechanisms,  and  so 
forth. 


5.2.2.1.1>1  Ballistic  Vulnerability  - measure  of  the  vulnerability  of 
an  aircraft  to  threat  mechanisms  associated  with  ballistic  Impacts. 
Typical  measures  of  "ballistic  vulnerability"  Include  vulnerable  area, 
probabilities  of  occurrence  of  various  damage  and  failure  modes,  tlmes- 
to-f allure,  etc.  Each  of  these  measures  must  be  referenced  to  a speci- 
fic kill  level. 

5.2. 2. 1.1- 2  Vulnerable  Area  (Ay)  - A quantitative  measure  of  the  bal- 
listic vulnerability  of  a target  or  target  element  expressed  In  areal 
dimensions  (square  feet,  square  meters,  etc.).  Typically,  the  "vulner- 
able area"  of  a target  Is  computed  as  the  product  of  the  presented  area 
of  that  target  In  a plane  normal  to  the  trajectory  of  the  ballistic 
threat  mechanism,  and  the  probability  of  kill  of  that  component  given  a 
hit  on  the  target  by  the  ballistic  threat  mechanism. 

5. 2. 2. 1.1- 3  Component  Vulnerable  Area  - A vulnerable  area  calculated 
for  each  component  that  Is  independent  of  any  Interfacing  effects  with 
other  critical  components  other  than  shielding.  "Component  vulnerable 
area"  Is  a measure  of  each  component's  Inherent  vulnerability  without 
considering  any  mitigating  or  Interfacing  effect's,  other  than  shielding, 
with  other  critical  components  that  may  comprise  the  total  target. 

Hence,  component  vulnerable  area  Is  computed  as  though  that  component 
were  the  only  critical  component  In  the  target. 

5. 2. 2. 1.1- 4  Component  Incremental  Vulnerable  Area  - A vulnerable  area 
calculated  In  such  a way  that  the  vulnerability  Interface  with  other 
critical  components  In  the  target  Is  maintained.  "Component  Incremental 
vulnerable  area"  Is  a measure  of  each  component's  Inherent  vulnerability 
Including  any  mitigating  or  Interfacing  effects  with  other  critical  com- 
ponents that  may  comprise  the  total  target. 

5. 2. 2. 1.1- 5  Total  Target  Vulnerable  Area  - The  sum  of  component  Incre- 
mental vulnerable  areas.  The  "total  target  vulnerable  area"  Is  a summary 
vulnerability  measure,  usually  expressed  in  square  feet,  that  appropri- 
ately synthesizes  Individual  component  vulnerable  areas.  Typically, 
these  values  are  stated  per  threat  type  Ce»g>,  23mm  HE-I) , Impact  veloc- 
ity, kill  level,  attack  aspect  (or  view),  etc. 
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5. 2. 2. 1.1-6  External  Blast  Vulnerability  - A measure  of  the  vulnerabil- 
ity of  an  aircraft  to  extemally-detonated-blast  threat  mechanisms.  In 
general,  lethal  blast  envelopes,  as  shown  below,  are  used  to  describe 
the  vulnerability  of  aircraft  to  extemally-detonated-blast  threat  mech- 
anisms. These  envelopes  represent  a synthesis  of  the  damaging  effects 
attributable  to  external  blast  waves  (l.e.,  catastrophic  structural 
failure,  stability/control  loss,  and  critical  subsystem  failure)  and 
present  the  critical  ranges  from  the  aircraft  within  which  a detonation 
of  a particular  explosive  weight  could  yield  damaging  effects.  Normally, 
these  envelopes  are  prepared  as  functions  of  altitude  and  standardized 
charge  weight. 


X2 


5. 2. 2. 1.1- 7  Interdependent  Component  - A component  whose  vulnerability 
contribution  to  Its  subsystem  and  the  total  weapon  system,  exclusive  of 
shielding.  Is  influenced  by  Its  locational  Interface  with  other  compo- 
nents and  subsystems.  The  term  "Interdependent"  Is  used  to  describe 
components  whose  locational  Interface  with  other  components  can  signifi- 
cantly influence  total  aircraft  vulnerability.  For  example,  consider  a 
fuel  line  located  (1)  in  a compartment  containing  an  ignition  source 
(e.g.,  hot  surface)  and  (2)  In  a compartment  Isolated  from  Ignition 
sources.  In  the  first  case,  a fuel  leak  will  result  In  a fire  whereas 
In  the  second  case  no  Immediate  fire  would  result.  Hence,  the  fuel  line 
would  be  classified  as  Interdependent.  This  can  be  contrasted  to  non- 
Intardependent  components  such  as  a computer  or  sensor  whose  Inherent 
damage  susceptibility  does  not  depend  on  the  locational  Interface  with 
other  components. 

5. 2. 2. 1.1- 8  Total  System  Level  Redundsncy  - Descriptors  used  to  identify 
the  functional  or  Inherent  redundancy  level  of  a subsystem  as  measured  at 
the  total  system  level.  These  descriptors  (dual  redundant,  quad  redund- 
ant, etc.)  ere  used  to  define  the  Inherent,  functional,  or  design  redund- 
ancy level  of  each  subsystem.  This  classlflcstlon  Is  made  Indepsndent  of 
threat  type  and  Is  chosen  to  Identify  the  maximum  redundancy  level  of 
each  of  the  Included  components.  For  example,  a hydraulic  system  with 
two  separated  power  supplies  would  be  termed  dual  even  though  both  sys- 
tems Interfaced  at  a single  sctuator. 
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5. 2. 2. 1.1- 9  Component  Redundancy  Level  - A number  of  similar  components, 
devices,  structural  elements,  parts,  or  mechanisms  used  to  support  the 
functional  redundancy  of  a system  or  subsystem.  The  level  of  redunda- zy 
refers  to  the  number  of  similar  elements  (components,  etc.)  used  to 
create  redundant  subsystems.  This  term  is  used  as  a descriptor  for  each 
component  and  Is  not  a descriptor  of  the  total  subsystem.  For  example, 

a system  may  include  four  Independent,  Identical  elements  (accelerom- 
eters) to  measure  acceleration  and  only  one  element  (computer)  to  accept 
or  use  the  acceleration  value.  In  this  case,  the  accelerometers  are 
quad  redundant  and  the  computer  Is  singly  redundant  (l.e.,  the  level  of 
redundancy  equals  one). 

5.2.2.1.1- 10  Branch  Level  Redundancy  - Descriptors  used  to  identify  the 
threat-dependent  redundancy  level  of  components  and  subsystems.  The 
"actual"  redundancy  level  of  each  functionally  redundant  component  and 
subsystem  Is  dependent  upon  threat  type.  For  example,  consider  a fuel 
feed  system  with  two  independent  and  separate  lines  each  capable  of  sup- 
plying engine  fuel.  Against  a non-incendiary  threat,  each  line  would  be 
doubly  redundant.  Against  an  incendiary  threat,  on  the  other  hand,  each 
line  would  be  singly  redundant  since  either  line  could  provide  the  source 
for  a fuel  fire.  Note  also  that  actual  redundancy  depends  upon  kill 
level. 


5.2.2.1.1-11  Probability  of  Kill  Given  a Hit  (Pk/h)  - The  probability  of 
obtaining  a level  of  damage  on  a target  which  causes  sufficient  perform-  > 

ance  degradation  to  classify  the  target  as  killed  given  a hit  on  the  tar- 
get by  a threat  mechanism.  (See  Subfield  5.3.3  for  discussion  of  the 
term  "kill".)  The  probability  of  kill  given  a hit  can  be  expressed  as 

^K/H  “ **D/H  • ^K/D 

where 


P / ” probability  of  obtaining  a specified  level  of  damage  on  a 

target  given  a hit  on  the  target  and 

P ■ probability  of  sufficient  performance  degradation  to  class- 
ify the  target  as  killed  given  the  specified  level  of 
damage. 

5.2.2.1.1-12  Component  Probability  of  Kill  Given  a Hit  - The  probability 
of  obtaining  a level  of  damage  on  a component  which  causes  sufficient 
performance  dei^radatlon  to  classify  the  component  as  killed  given  a hit 
on  the  component  by  a threat  mechanism.  This  probability  term  is  also 
used  to  quantitatively  describe  the  response  of  a component  when  sub- 
jected to  a threat  mechanism,  such  as  "the  probability  of  obtaining  a 
fuel  cell  fire  given  fuel  cell  penetration  and  incendiary  function". 
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5.2.2.1.1- 13  Probability  of  Kill  Given  Lock  On  (PK/LO)  - The  probability 

of  obtaining  a desired  level  of  damage  on  a target  given  lock  on  (as  de- 
fined In  5. 1.3. 1-6).  In  contrast  to  1*k/h>  probability  of  hit  at  each 
point  on  the  target  Is  Incorporated  wltn  the  probability  of  target  kill 
given  a hit  at  that  point  and  Integrated  over  the  target  to  give  an 
overall  kill  probability.  Pk/LO  appropriate  kill  probability  for 

almpolnt  designated  weapons  (l.e.,  for  those  whose  hit  probability  Is 
not  uniform  over  the  entire  target  surface)  , for  which  P](/H 

factored  out  of  the  overall  kill  probability.  For  a HELWS,  Pk/LO  should 
also  Include  probability  of  component  failure  as  a function  of  delivered 
energy  density,  spot  size,  etc.  The  probability  of  a kill  at  each  point 
on  the  target  can  be  subdivided  Into  the  product  of  the  probability  of 
damaging  the  critical  component  and  one  minus  the  component  non- 
crltlcallty  probability  given  that  damage  to  the  component  has  been 
achieved . 

5.2.2.1.1- 14  Component  Conditional  Kill  Probability  (Pcc/k)  - The  prob- 
ability of  obtaining  a desired  level  of  damage  on  a critical  component. 
This  probability  arises  from  the  fact  that  Identical  components  do  not 
always  fall  at  the  same  absorbed  energy  density,  but  over  a range  of 
energy  densities,  as  shown  below 


Accumulated  Energy  Density 


5.2.2.1.1-15  Component  Non-Crltlcallty  Probability  (Pnc)  - The  proba- 
bility that,  given  enough  damage  to  have  killed  a supposedly  critical 
component,  the  target  will  not  sustain  the  desired  level  of  kill.  An 
example  would  be  the  Interaction  of  a HEL  beam  and  an  externally 
attached  bomb.  Assume  that,  for  a given  Irradiation,  there  Is  a 20Z 
probability  that  the  bomb  will  undergo  a high  order  detonation;  the 
other  80Z  of  the  time  the  bomb  will  undergo  non-crltlcal  low  order  det- 
onation, burn,  be  released,  etc.  Further,  assume  that  the  target  will 
sustain  killing  damage  In  only  70Z  of  the  high  order  detonations.  Then, 


Pnc  - 1 - (0.2) (0.7)  - 0.86 


or,  the  component  will  not  be  critical  to  the  target  86%  of  the  time. 


5.2.2.1.1- 16  Singly  Vulnerable  - The  property  attributed  to  a component 
If  the  killing  of  that  component  Is  sufficient  to  result  In  an  aircraft 
kill  In  a specified  kill  category. 

5.2.2.1.1- 17  Non-Slngly  Vulnerable  (also  called  Multiply  Vulnerable)  - 
The  property  attributed  to  components  of  a set  when  the  killing  of  less 
than  n members  of  the  set  does  not  result  In  an  aircraft  kill  (In  a 
specified  kill  category)  but  the  killing  of  n or  more  members  does 
result  In  a kill  (for  n > 1). 


5. 2. 2. 1.2  Subfield  Term:  Vulnerability  Assessment  Techniques 

Definition:  Methods  and  procedures  useful  In  the  systematic 

delineation  and  quantification  of  the  vulnerability  of  an  air- 
craft In  encounters  with  hostile  forces. 

Explanatory  Notes:  This  subfield  represents  the  data  and 

methodologies  required  to  determine  the  vulnerability  of  an 
aircraft,  or  parts  thereof,  assuming  an  impact  (i.e.,  no 
threat  error  sources  are  present)  In  the  encounter.  The  de- 
lineation and  quantification  of  vulnerability  may  be  In  terms 
of  degrees  of  severity,  probabilities,  or  other  descriptors 
that  provide  statistical  or  categorical  content.  The  table 
below  clarifies  the  content  of  this  group  of  terms  with  re- 
spect to  similar  terms  In  other  subfields. 


SUBFIELD 

KEY  FACTORS 
OF  DEFINITION 

EXAMPLE  TERMS 

5.1. 3.1 
Fire  Control 
Factors 

Initial  Error  and 
Other  Factors 

o Tracking  Error 
o Aiming  Error 
o Lead  Angle  Prediction 

5. 1.3. 2 

Trajectory 

Factors 

Transit  Error  and 
Other  Factors 

o Gravity  Drop 
o Ballistic  Dispersion 
o Thermal  Blooming 

5. 2. 2. 1.2 
Vulnerability 
Assessment 
Techniques 

Exclusive  of 
Error;  Impact  Is 
Assumed 

0 Penetration  Impact  Con- 
ditions 
o Grid  Size 
o Attack  Aspect 
0 Equivalent  Density 

5. 2. 2. 2. 2 
Survivability 
Assessment 
Techniques 

Final  Errors  and 
Other  Factors 

o Hit  Distribution 
o Total  Weapons  System 
Dispersion 

0 Dynamic  Fragment  Spray 
Angles 

5. 2. 2. 1.2-1  Striking  Velocity  (Vs)  - The  relative  velocity  between  the 
target  and  the  Impacting  fragment,  projectile,  or  other  damage  mechan- 
ism at  the  Instant  of  Impact. 
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5. 2. 2. 1.2-2  Penetration  Impact  Conditions  - The  characteristics  of  a 
fragment,  projectile,  or  similar  threat  mechanism  at  the  moment  of 
Impact  with  a target.  The  Impact  conditions  are  normally  expressed  In 
terms  of  the  striking  velocity,  mass,  obliquity  angle,  etc.  for  penetra- 
tors  or  fragments.  This  data  Is  then  used  to  determine  penetration 
capability,  residual  mass/velocity,  etc.,  for  use  In  the  assessment  of 
target  vulnerability. 


5. 2. 2. 1.2-3  Shotline  - A mathematical  line  originating  at  some  point 
on  a grid  plane  and  extending  algebraically  through  a mathematically 
described  target.  The  shotline  Is  normally  designed  to  predict  the 
possible  trajectory  of  some  threat  through  a target.  Each  shotline  Is 
typically  used  to  predict  thickness  and  angle  of  every  Intersection 
made  with  elements  of  the  target  being  described.  Since  each  shotline 
originates  In  a small  grid  cell  on  a plane.  It  Is  Intended  to  be  a 
typical  representation  of  all  other  possible  shotlines  that  could  be 
drawn  through  that  grid  cell.  The  shotline  Intersection  Information 
Is  normally  computer-generated  by  programs  such  as  SHOTGEN  or  MAGIC.* 


5. 2. 2. 1.2-4  Grid  Size  - The  fineness  of  the  mesh  used  to  define  the 
shotline  locations  In  a ray-tracking  program.  The  area  of  one  grid  cell 
Is  normally  represented  by  one  shotline  In  a ray-tracing  routine.  The 
typical  assumption  made  Is  that  all  rays  originating  In  one  grid  cell 
would  pass  through  roughly  the  same  elements  of  the  target.  The  best 
accuracy  but  longest  computational  time  are  obtained  with  the  smallest 
possible  grid  size. 


5. 2. 2. 1.2-5  Attack  Aspect  - Azimuth  and  elevation  angles,  measured 
with  respect  to  a target-located  coordinate  system,  of  the  shotlines 
generated  by  a target-description  program  such  as  MAGIC  or  SHOTGEN. 

The  specific  target-located  coordinate  system  used  depends  upon  the 
particular  procedure  employed.  An  example  of  one  such  coordinate  sys- 
tem Is  shown  below: 
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5. 2. 2. 1.2-6  Obliquity  Angle  - The  angle  between  a shotllne  through  a 
component  and  the  normal  vector  to  the  component  at  the  point  of  shot- 
llne Intersection.  The  obliquity  angle  Is  shown  below. 

COMPONENT 


5. 2. 2. 1.2- 7  Equivalent  Penalty  - The  value  of  density  resulting  when 
the  actual  measured  density  of  a component  Is  reduced  analytically  to 
that  density  of  aluminum  (or  equivalent  plate  thickness)  required  to 
produce  the  correct  ballistic  resistance  for  penetration  computations. 

5. 2. 2. 1.2- 8  Blast  Scaling  - A technique  which  can  be  used  for  Inferring 
the  damage  that  may  be  caused  by  a set  of  blast  conditions  from  the 
results  of  a different  set.  For  example,  scaling  factors  are  used  for 
converting  different  explosive  types  to  equivalent  weights  of  pentollte, 
pressure/impulse  scaling  with  altitude,  etc. 
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5. 2.2.2  Subfield  Term:  Survivability  Assessment  Methodology 


Definition:  Those  measures  and  techniques  employed  In  the  sys- 

tematic description,  delineation,  quantification,  and  statisti- 
cal characterization  of  the  survivability  of  an  aircraft  In 
encounters  with  hostile  forces. 

Explanatory  Notes:  The  "survivability  assessment  methodology" 

subfield  contains  those  terms  which  are  used  to  Identify  both 
the  survivability  measures  and  assessment  techniques  quantita- 
tively employed  in  measuring  and  analyzing  aircraft  survivabil- 
ity. Accordingly,  "survivability  assessment  methodology"  has 
been  subdivided  as  shown  below. 
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5. 2. 2. 2.1  Subfield  Term:  Survivability  Measures 

Definition:  Terms  used  to  define,  describe,  delineate, 

distinguish,  and  quantify  the  survivability  of  an  aircraft 
In  encounters  with  hostile  forces. 

Explanatory  Notes:  Numerous  descriptors  and  summary  measures 

have  been  used  to  define  the  result  of  engagements  between 
aircraft  and  hostile  forces.  In  general,  these  measures  ad- 
dress the  probability  of  survival  per  shot,  or  shots,  site, 
sortie  or  other  unit  measure.  Once  the  probability  of  survi- 
val has  been  determined,  other  summary  and  comparative  measures 
are  used.  Some  of  these  are:  losses  per  1000  sorties,  expected 

combat  lifetime  (In  sorties) , and  so  forth.  It  Is  Important  to 
note  that  all  of  these  survivability  measures  are  referenced  to 
specific  kill  levels.  For  example,  probability  of  surviving 
for  5 minutes  following  threat  Impact,  etc. 
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5. 2. 2. 2. 1- 1  Aircraft  Probability  of  Survival  (Ps)  - The  probability 
that  an  aircraft  will  survive  a defined  damage  level  in  specified  threat 
engagements.  "Aircraft  probability  of  survival"  Is  a summary  measure 
that  combines  total  threat  system  effectiveness  (from  Initial  detection 
and  acquisition  through  weapons  launch  to  weapon  Impact)  and  target  (air- 
craft) vulnerability.  In  general,  probability  of  survival  is  computed 
from  an  In-depth  assessment  of  all  factors  that  Influence  threat  effec- 
tiveness and  target  vulnerability.  However,  depending  on  the  particular 
application,  aircraft  probability  of  survival  measures  may  be  computed 
for  various  aspects  of  a complete  mission  such  as  probability  of  survival 
per  encounter,  probability  of  survival  per  sortie,  etc. 

5. 2. 2. 2. 1- 2  Probability  of  Survival  per  Encounter  - The  probability 
that  an  aircraft  will  survive  a defined  damage  level  in  a single  encoun- 
ter with  a specified  threat.  An  example  of  those  factors  that  are  nor- 
mally considered  In  determining  the  "probability  of  survival  per  encoun- 
ter", Pg/E*  shown  below. 

^S/E  “ I H (1  - PgSK^l 

where : 

^LOS  " Probability  of  llne-of-sight  to  the  target 

Pjj  ■ Probability  of  detection,  given  llne-of-slght 

P|^  “ Probability  of  launch  or  firing,  given  detection 

Pq  > Probability  of  successful  guidance,  given  launch  or  firing 

Pdet  * Probability  of  warhead  detonation  (fuzed  warheads),  given 

successful  guidance 

n " Number  of  shots  fired  during  a pass 
^SSK  ” Single-shot  kill  probability 
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5. 2. 2. 2. 1-3  Probability  of  Survival  per  Sortie  (Psm)  - The  probability 
that  an  aircraft  will  survive  a defined  damage  level  in  a single  opera- 
tional flight  during  which  It  may  have  multiple  engagements  with  the 
various  weapons  of  a zone  defense.  P^^  Is  calculated  by  the  following 
expression. 


SM 


LP  - E exp 


“l  “ ».£fi 


where: 


SM 


- Probability  of  mission  survival  over  1 
the  zone  defense  weapons  mixture 


th 


engagements  with 


A.  - The  area  In  which  the  weapon  systems  or  firing  units  are 
expected  to  be  randomly  distributed 

— The  number  of  1^^  type  weapon  systems  In  area  A 

R - The  effective  range  of  the  1*^^  type  weapon  system 
effi 

D - The  distance  the  aircraft  files  through  area  A without 
significantly  changing  altitude  or  airspeed 


Pg/Ei 


The  probability  of  the  aircraft  surviving  a single  encounter 
with  the  1^“  type  weapon  system  at  a given  airspeed  and 
altitude 

Probability  of  surviving  multiple  engagements  with  the  l^'' 
type  weapon  system. 


5. 2. 2. 1-4  SlnRle-Shot  Probability  of  Hit  (PssHl  - The  probability  of 
hitting  an  aircraft  given  a single  firing  from  a threat.  The  single-shot 
probability  of  hit  can  be  computed  In  many  ways.  An  example  of  one  pro- 
cedure applicable  to  AAA  la  shown  below.  (This  example  assumes  that  the 
distribution  of  hits  Is  circular  normal.) 


A_  exp  (-b^/2a^) 

P ■ — ^ = 

SSH  2iro2 


n 
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S.2.2.2.1-S  Slngl«-Shot  Kill  Probability  (Pg<ar)  - Th«  probability  that 
an  aircraft  will  be  killed  to  a defined  kill  level  by  a alngle  firing 
from  a threat.  The  "alngle-shot  kill  probability,"  Peg}'*  1b  b summary 
measure  that  combines  weapon  syatem  accuracy  (l.e.,  single-shot  proba- 
bility of  hit,  PgSH^  target  vulnerability  (l.e.,  probability  of  kill, 
given  a hit,  Pk/h^  for  lndlvld\>al  shots.  In  general,  Peev  computed 
as  shown  below. 


**SSK  “ *"SSH  ^K/H 


5. 2. 2. 2. 1-6  Single  Burst  Kill  Probability  (Pjfg)  - The  probability  that 
an  aircraft  will  be  killed  by  a single  exposure  to  the  burst  of  a spe- 
cific Internally-detonated  round  given  a particular  set  of  encounter 
conditions.  For  a specific  warhead  and  set  of  encounter  conditions, 

Pg£  can  be  obtained  by  means  of  the  expression  shoim  below. 

^KE  ■ 1 “ «*P  ("Er^  - 1 - exp  (-pAy) 

where: 

” the  expected  number  of  lethal  hits. 

Ay  " the  aircraft  vulnerable  area  at  the  aspect  under  consideration, 
and 

p “ the  average  number  of  fragments  per  unit  area  Incident  on  Ay. 


5. 2. 2. 2. 1- 7  Expected  Combat  Llfetlaie  - Expected  number  of  combat 
sorties  an  aircraft  can  perform  before  suffering  an  attrition  kill. 
Normally,  this  lifetime  Is  computed  as  the  probability  of  survival 
divided  by  the  probability  of  kill,  «ihere  these  probabilities  are 
referenced  to  the  same  kill  level. 

5. 2. 2. 2. 1- 8  Loss  Rate  - A predicted  measure  of  the  sortie  survivabil- 
ity of  aircraft.  This  rate  Is  normally  measured  In  terms  of  expected 
losses  per  designated  number  of  sorties;  l.e.,  an  aircraft  with  a 
probability  of  survival  of  0.99  per  sortie  has  a loss  rate  per  1000 
sorties  of  10. 


I 


I 
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5. 2. 2. 2. 2-1  Diffuse  Target  - A mathematical  representation  of  a target 
which  aasumea  that  the  kill  probability  Is  unity  for  a burst  occurring 
at  the  target  center  and  Is  zero  at  burst  points  Infinitely  remote  from 
the  target  center.  The  kill  probability,  as  a function  of  burst  point 
location,  has  the  general  form  of  a Gaussian  probability  curve  symmetri- 
cal about  the  target  center.  This  "diffuse  target"  representation  Is 
frequently  used  In  the  development  of  single-shot  probability  of  kill 
representations.  The  general  form  of  the  kill  probability,  Pj^(r) , Is 
shown  below. 


P^(r)  - exp  (-r2/2a2) 

where  r la  the  distance  from  the  target  center  to  the  burst  point  and 
a Is  defined  as  the  vulnerable  radius  or  lethal  radius  of  the  target  for 
the  particular  threat  type. 

5. 2. 2. 2. 2-2  Hit  Distribution  - A mathematical  representation  that 
defines  the  results  of  a firing  pass  on  an  aircraft  In  terms  of  the 
probability  of  n hits.  An  assumption  Is  that  the  hit  distribution 
follows  the  Poisson  distribution,  i.e.. 


P(n) 


E"e' 


nl 


E 


where  P(n)  Is  the  probability  of  exactly  n hits  and  E Is  the  expected 
number  of  hits  (per  firing  pass).  The  value  of  E la  normally  computed 
from  an  aaaessment  of  the  total  errors  Involved  In  the  firing  pass. 

5. 2. 2. 2. 2-3  Total  Weapon  System  Dispersion  - A summary  measure  of  the 
Inherent  accuracy  of  a weapon  system,  exclusive  of  bias  errors,  described 
in  terms  of  the  stsndard  deviation  of  the  burst  pattern.  The  total  sys- 
tem dispersion  Is  a composite  measure  of  the  error  contributions  of  all 
sources  - tracking  error,  aiming  error,  ballistic  dispersion,  etc.  For 
Independent  error  sources,  the  total  weapon  system  dispersion,  a.  Is 
Computed  below. 


where  are  the  Individual  contributors. 
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5. 2. 2. 2. 2-4  Round-to-Round  Correlation  - Error  analysis  procedures  chat 
cake  Into  account  the  serial  correlation  between  successive  rounds.  Sub- 
sequent events  (e.g.,  component  errors)  are  made  Co  be  appropriately 
dependent  on  preceding  ones.  For  example,  the  error  in  parameter  y at 
time  (C  + At)  Is  related  to  the  error  at  time  t by 


Ey  (t  + At)  - Ey(t)  • C (At)  + Ey' (t  + At) 


where  Ey(t)  Is  the  error  at  time  t,  Ey'  (t  + At)  Is  the  raw  error  In  y 
at  time  (t  + At),  and  C (Ac)  Is  the  serial  correlation  coefficient 
which  relates  the  significance  of  the  previous  error  to  the  present 
error.  As  C(At)  tends  coward  one,  the  raw  error  Is  added  to  more  and 
more  of  the  previous  error.  Likewise  as  C(Ac)  tends  toward  zero,  there 
Is  less  dependency  between  subsequent  errors. 

5. 2. 2. 2. 2-5  Dynamic  Fragment  Spray  Angles  - A skewing  of  the  static 
fragment  spray  angles  by  the  velocity  of  the  warhead  at  detonation. 
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5.3  Topical  Field  Tern:  System  Response 


I 


Definition:  The  reactions  of  a system.  Including  crew  station, 

structure,  and  subsystems,  when  a threat  Is  detected  or  the 
system  Is  subjected  to  a threat  mechanism. 

Explanatory  Notes:  The  "system  response"  topical  field  con- 

tains those  elements  which  are  used  to  describe  (1)  the  Inter- 
actions of  threat  mechanisms  and  a target  (e.g.,  blast/blast 
effects),  (2)  the  Inherent  damage  susceptibility  of  a target, 
and  (3)  response  measures.  These  major  subfields  are  depicted 
below. 
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5.3.1  Subfield  Term:  Damage  Processes 


Definition:  Descriptors  of  the  nature,  type,  form,  or  state 

of  the  interaction  between  the  threat  mechanism  and  the  target 
or  target  element. 

Explanatory  Notes:  The  "damage  processes"  subfield  consists  of 
descriptors  of  the  Interactions  between  threat  mechanisms  and 
the  target.  Accordingly,  this  subfield  Is  divided  Into  four 
lower-order  subfields:  penetration,  blast  effects.  Ignition, 
and  thermal  effects.  The  table  belt^  clarifies  the  content  of 
this  term  as  distinguished  from  terms  and  meanings  with  which 
it  might  be  confused. 


SUBFIELD 

KEY  FACTORS 
OF  DEFINITION 

EXAMPLE  TERMS 

5. 1.1. 3 

Threat 

Mechanisms 

Nature  of 
the  Warhead 
Output 

o Blast 
o Penetrator 
o Fragment 
o Incendiary 
o Electromagnetic  Flux 

5. 1.3. 3 

Terminal  Effects 
Parameters 

Intensity  of 
the  Threat 
Mechanisms 
Output 

o Projectile  Caliber 
o Equivalent  Weight  of  TNT 
o Incendiary  Flash 
Duration 

o Fragment  Density 

5.3.1 

Damage  Processes 

Interactions 
between  Threat 
Mechanisms 
and  Target 

o Blast  Effects 
✓ Blast  loading 
o Ignition 
/ Explosion 
o Penetration 

/ Ballistic  Impact 
o Thermal  Effects 
/ Impulse  loading 
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5. 3.1.1  Subfield  Term:  Penetration 

Definition:  A damage  process  relating  to  the  ability  of  a 

threat  mechanism  to  force  a way  Into  or  through  a target  or 
target  element. 

Explanatory  Motes:  Penetration  Is  a damage  process  typically 

associated  with  a penetrator  or  fragment.  The  net  effect  of  a 
penetration  may  be  a fluid  leak,  a fluid  pressure  pulse,  con- 
trol linkage  severance.  Impact  damage,  or  the  like. 


5. 3. 1.1-1  Ballistic  Ingact  - Those  Impacts  due  to  hits  on  the  target  by 
projectiles,  fragments  or  other  aerodynamlcally-effected  threat 
mechanisms . 


5. 3. 1.1- 2  Ballistic  Load  - The  transient  load  on  a target  structure 
which  Is  a result  of  a ballistic  Impact. 

5. 3.1.1. 3 Hydraullc-Ram  Effect  - The  development.  In  a fluid,  of  shock 
waves  of  potentially  destructive  Intensity  to  tank  walls  and  fuel  lines 
caused  by  a ballistic  penetrator  passing  through  the  fluid.  The  kinetic 
energy  of  the  penetrator  Is  converted  to  hydraulic  pressure  energy  In  the 
fluid  as  the  penetrator  Is  slowed  by  viscous  drag.  This  hydraulic  pres- 
sure energy  can  occur  In  the  form  of  fluid-pressure  surges  or  pulses. 

5. 3. 1.1- 4  Bum  Through  - The  penetration  of  a surface  by  burning  or 
melting  through  the  surface  material,  as  by  a HEL  beam. 
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5. 3.1.2  Subfield  Term:  Blast  Effects 


Definition:  A damage  process  relating  to  the  ability  of  a 

threat  mechanism  to  produce  sufficient  pressure  forces  to  im- 
pose structural  degradation,  geometrical  deformation,  or  other 
types  of  damage  on  a target  or  target  element. 

Explanatory  Notes:  "Blast  effects"  are  damage  processes  typi- 

cally associated  with  high-explosive  warheads  such  as  contained 
in  large  AAA  projectiles  or  surface-to-air  and  air-to-air 
missiles.  Depending  on  the  threat  and  fu^e  type,  the  blast 
pressures  may  be  external  or  internal  to  the  aircraft. 


5. 3. 1.2-1  Blast  Loading  - The  force  on  an  object  caused  by  an  air  blast 
from  an  explosion  striking  and  following  around  the  object.  It  Is  a com- 
bination of  overpressure  (or  diffraction)  wd  dynamic  pressure  (or  drag) 
loading. 


5. 3. 1.2- 2  Face-on  Impulse  - The  Impulse  experienced  by  a target  surface 
as  the  shock  wave  from  an  explosion  Is  reflected  from  It. 

5. 3. 1.2- 3  Face-on  Pressure  - The  pressure  experienced  by  a target  sur- 
face as  the  shock  wave  from  em  explosion  Is  reflected  from  It. 


5. 3. 1.2-4  Slde-on  Impulse  - The  Impulse  which  a target  surface  would 
experience  as  the  shock  wave  from  an  explosion  moves  parallel  to  It. 


5. 3. 1.2-5  Slde-on  Pressure  - The  pressure  which  a target  surface  would 
experience  as  the  shock  wave  from  an  explosion  moves  parallel  to  It. 
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5. 3. 1.3  Subfield  Term:  Ignition 

Definition:  A damage  process  relating  to  the  ability  of  a 

threat-mechanism  to  create  a condition  suitable  for  the  combus- 
tion of  flammable  materials. 

Explanatory  Notes:  "Ignition"  Is  a damage  process  generally 

associated  with  Incendiary- type  threats  such  as  armor-plerclng 
Incendiaries  (AP-I) , high-explosive  Incendiaries  (HE-I) , and 
so  forth.  However,  additional  threat  mechanisms,  such  as 
thermal  energy,  can  create  conditions  (e.g.,  a fuel  leak  In  a 
voided  area)  to  Initiate  combustion. 
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5. 3.1. 3- 1  Explosion  - A specific  form  of  a fire  where  rapid  burning  of 
flammable  vapors  causes  high  gas  pressures  to  be  generated  within  a con- 
fined space.  The  conditions  governing  the  occurrence  of  a fuel-tank 
explosion  are  of  particular  Interest  In  assessing  target  response  and 
measuring  target  vulnerability.  Some  conditions  to  be  considered  are 
temperature,  pressure,  fuel-air  mixture,  ullage  mixture,  path  of  Ignition 
source,  etc. 

5. 3. 1.3- 2  Ignition  Source  - A mechanism  that  Increases  the  temperature 
of  combustible  material  to  the  temperature  at  which  Ignition  occurs. 
"Ignition  sources"  may  be  directly  related  to  or  contained  within  the  Im- 
pacting threat  mechanism,  or  may  be  the  result  of  weapon  effects  on  the 
target.  An  example  of  the  former  type  Is  burning  Incendiary  and  flash 
effects  due  to  penetration  of  metallic  materials  by  high  velocity  pro- 
jectiles or  fragments.  Exaiq>les  of  the  latter  type  are  spontaneous  com- 
bustion due  to  oxygen,  liberated  by  weapon  effects,  combining  with  suit- 
able material  to  allow  Ignition,  and  flammable  material  Ignition  from 
shorted  electrical  equipment  or  cabling. 

5. 3. 1.3- 3  Vaporlflc  Flash  - Incandescent  metal  particles  or  vapor  gener- 
ated by  Impact  of  nonlncendlary  projectiles  or  fragments  upon  a target  or 
target  element. 

5. 3. 1.3- 4  Hot-Surface  Ignition  - A fire  Ignited  from  a hot  or  heated 
surface.  "Hot  surface  Ignition"  sources  are  usually  categorized  as  hot 
wires,  friction  or  Impact  sparks,  and  extended  surfaces  such  as  hot  engine 
bleed  air  and  exhaust  ducts. 

5. 3. 1.3- 5  Hot-Gas  Ignition  - A fire  Ignited  from  a hot  gas.  Pilot  flames, 
hot  gas  Jets,  adiabatic  composition  and  shock  wave  compression  are  the 
categories  of  mechanism  for  Ignition  Independent  of  surfaces. 

5. 3. 1.3- 6  Quenching  Distance  - The  smallest  gap  between  two  parallel 
plates  that  will  Just  allow  a flame  to  pass. 

5. 3.1. 3- 7  Flame  Velocity  - The  velocity  with  which  a flame  front  advances 
into  a mass  of  quiescent  unbumed  reactants,  or  conversely,  the  velocity 
with  which  a moving  mass  of  unbumed  reactants  approaches  a stationary 
flame  front. 
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5. 3.1.4  Subfield  Term:  Thermal  Effects 

Definition:  A damage  process,  excl'jislve  of  Ignition,  relating 

to  the  ability  of  a threat  mechanism  to  deposit  sufficient 
quantities  of  heat  to  Impose  structural  degradation,  geometri- 
cal deformation,  or  other  types  of  damage  on  the  target  or 
target  element. 

Explanatory  Notes:  Thermal  effects  are  damage  processes  re- 

lated to  nonnuclear  radiation- type  threats,  typically  HELWS, 
that  are  capable  of  delivering  a critical  energy  density  on 
targets. 


5. 3. 1.4- 1  Impu1»«  Loading  - The  ejccCloa  of  « high-velocity  vapor  from 
an  Irradiated  aurface  resulting  in  an  intense  wave  propagating  through 
the  aaterial  with  spallation  on  the  back  surface. 

5. 3. 1.4- 2  Theraal  Shock  - Themally-induced  stresses  resulting  from  a 
rapid  local  heating  or  cooling  of  a metal.  Rupture  may  occur  If  the  in- 
duced stresses  exceed  the  material's  ultimate  strength. 
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5.3.2  Subfield  Term:  Target  Lethality  Criteria 

Definition:  Quantitative  and  qualitative  data  that  collec- 

tively define  (1)  the  susceptibility  of  the  target  to  damage 
processes  and  (2)  the  resultant  responses  of  the  target,  given 
that  threat- Induced  damage  occurs. 

Explanatory  Notes:  The  term  "target  lethality  criteria"  Is 

used  to  represent  that  collection  of  data  which  taken  together 
describe  the  target  In  sufficient  detail  such  that  a vulner- 
ability assessment  to  any  type  of  threat  can  be  made.  In 
general,  target  lethality  criteria  data  are  Independent  of 
specific  threat  types  but  relate  to  the  nature  of  damage  pro- 
cesses. Accordingly,  terms  are  Included  which  are  used  to 
Identify  (1)  the  response  of  the  target  (l.e.,  aircraft)  to 
assumed  levels  of  damage,  and  the  response  of  materials,  sub- 
system, and  personnel  to  damage  processes,  (2)  physical 
descriptors  of  the  target,  and  (3)  other  useful  terms  (sub- 
system descriptors)  which  Imply  the  vulnerability  nature  of 
the  target.  The  subdivision  of  "target  lethality  criteria" 

Is  shown  below. 
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5. 3.2.1  Subfield  Term:  Danage/Kill  Criteria 

Definition:  Quantitative  and  qualitative  data  that  relate 

target  response  to  damage  processes  (penetration,  blast 
effects,  etc.)  in  terms  of  mission  performance  factors. 

Explanatory  Motes:  The  "damage/kill  criteria"  subfield  con- 

tains those  terms  which  are  used  to  describe  the  levels  of 
threat-induced  damage  required  to  effect  various  levels  of 
aircraft  kill.  Hence,  the  term  "damage/klll  criteria"  Is  used 
to  represent  that  collection  of  data  that  Identifies,  as  a 
function  of  damage  processes,  those  critical  components,  sub- 
systems, and  systems  which.  If  damaged  or  destroyed,  will 
yield  defined  aircraft  kill  levels.  This  data  base.  In  effect, 
synthesizes  the  physical  response  of  target  elements  and  the 
net  effect  of  this  response  on  the  mission  accomplishment  or 
mission  performance  of  the  aircraft.  Hie  subdivision  of 
"damage/kill  criteria"  Is  shown  below. 
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5. 3. 2. 1.1  Subfield  Term:  Damage  and  Failure  Modes 


Definition:  A description  that  relates  the  response  of  a tar- 

get or  target  element  to  assumed  levels  of  damage. 

Explanatory  Motes:  The  term  "damage  and  failure  modes"  Is 

used  to  represent  that  collection  of  data  which  taken  together 
describes  the  Inherent  susceptibility  of  a target  to  damage 
which  results  In  a performance  degradation,  loss  of  function, 
or  similar  effect.  In  general,  damage  and  failure  modes  are 
Independent  of  specific  threat  types  but  relate  to  assumed 
levels  of  damage  attributable  to  damage  processes.  The  re- 
sponse of  the  target  can  be  measured  (or  stated)  at  the  com- 
ponent, subsystem,  or  system  level.  An  example  of  damage  and 
failure  modes  for  a hypothetical  dual  hydraulic  system  Is 
shown  below: 


5. 3. 2. 1.1- 1  Aerodynamic  Damage  - Damage  which  adversely  affects  the 
aerodynamic  qualities  of  the  aircraft.  Aerodynamic  damage  Includes: 

1.  Damage  which  Is  the  result  of  progressive  skin  peeling 

2.  Damage-Induced  flutter 

3.  Damage  resulting  In  a degradation  or  loss  of  control,  decrease 

, of  speed  and/or  altitude. 

5. 3. 2. 1.1- 2  Critical  Components  - Those  aircraft  components  which,  if 
damaged  or  destroyed,  would  yield  a defined  or  definable  aircraft  kill 
level. 


5. 3.2. 1.1- 3  Flight  Essential  Functions  - Those  subsystem  functions  re- 
quired to  enable  an  aircraft  to  sustain  controlled  flight  with  qualities 
of  no  less  than  level  3 as  defined  by  MIL-F-8785  or  MIL-F-83300  for  the 
given  classifications  of  aircraft  or  by  MIL-H-8501. 

5. 3. 2. 1.1- 4  Mission  Essential  Functions  - Those  subsystem  functions 
required  to  enable  an  aircraft  to  perform  its  designated  mlsslon(s). 

5. 3. 2. 1.1- 5  Damage  Mode  - A particular  form,  variety,  state,  condition, 
or  configuration  of  damage  upon  a portion  or  element  of  an  aircraft 
system. 


5. 3. 2. 1.1- 6  Damage  Mode  and  Effects  Analysis  - The  analysis  of  an  air- 

craft system  conducted  to  determine  the  flight  and  mission  essential 
components,  extent  of  damage  sustained  from  given  levels  of  hostile 
weapon  damage  mechanisms  (nonnuclear,  or  high  energy  lasers) , and  the 
effects  of  such  damage  modes  on  the  continued  controlled  fll^t  and 
mission  completion  capabilities  of  the  aircraft  system.  I 

5. 3. 2. 1.1- 7  Failure  Mode  - A subset  of  damage  modes  characterized  by 
damage  resulting  in  functional  degradation  of  the  system  or  system  ele- 
ment beyond  an  allowable  limit. 

5. 3.2. 1.1- 8  Failure  Mode  and  Effects  Analysis  (FMEA)  - A systematic, 
quantified  determination  of  the  probabilities  and  severities  of  component, 
subsystem  and  system  failures  based  upon  assumed  levels  of  damage  and 

the  system  operating  as  an  Integral  part  of  the  aircraft. 

5. 3.2. 1.1- 9  Failure  Threshold  - The  minimum  level  of  weapon  effects  that 
Is  capable  of  causing  the  failure  or  malfunction  of  an  aircraft  material, 
component,  or  system. 
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f 5.3.2.1.1-10  Primary  PamaRC  Effects  - Damage  directly  resulting  from 

damage  processes.  Examples  of  "primary  damage  effects"  are  Incendiary 
caused  fire,  control  linkage  severance,  etc. 

5.3.2.1.1-11  Secondary  Damage  Effects  - Damage  Indirectly  caused  by  the 
Interaction  of  a damage  process  with  a component,  subsystem,  or  system. 

I Examples  of  "secondary  damage  effects"  are  fire  which  results  from  a 

penetrator-caused  fuel  leakage  contacting  a hot  surface,  control  linkage 
jamming  due  to  blast-induced  buckled  skin  panels,  etc. 
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5. 3. 2. 1.2  Subfield  Term:  Materials  Response 


Definition:  The  reaction  of  target  materials  when  subjected 

to  damage  processes . 

Explanatory  Notes:  The  term  "materials  response"  represents 

the  characteristics  and  reaction  of  aircraft  materials  Im- 
pacted or  Impinged  upon  by  damage  mechanisms.  The  character- 
istics of  these  materials  under  such  conditions  are  revealed 
by  such  descriptors  as  damage  tolerance,  fracture  toughness. 
Impact  resistance,  ballistic  limit,  etc.  The  reactions  of  the 
material  can  be  described  by  cracking,  delamlnatlon,  spalling, 
petalllng,  punching,  etc. 
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5. 3. 2. 1.2- 1  Spalling  - The  detachment  or  delamlnatlon  of  a layer  of 
material  In  the  area  surrounding  the  location  of  Impact  with  the  damage 
process.  "Spalling"  can  occur  on  both  the  front  and  rear  surfaces. 

5. 3. 2. 1.2- 2  Attached  Spall  - Delamlnatlons  that  remain  attached  around 
the  periphery  of  the  hole  or  spall  area.  The  delamlnatlon  may  remain 
nearly  In  Its  original  position  or  may  be  subjected  to  various  degrees 
of  rotation.  One  basic  characteristic  of  "attached  spall"  Is  that  the 
Impact  face  lamina  remain  In  their  pre-impact  location. 

5. 3. 2. 1.2- 3  Chunk  Spall  - Damage  of  the  type  resulting  In  spall  and 
petal  spall  where  the  thickness  and  at  least  one  orthogonal  directional 
dimension  are  approximately  the  same. 

5. 3. 2. 1.2- 4  Terrace  Spall  - A spall  pattern  where  the  area  of  successive 
spall  layers  Increases  In  a series  of  steps,  progressing  from  front  to 
exit  face  within  the  target. 

5. 3. 2. 1.2- 5  Crack  - A complete  cleavage  and  separation  of  original  tar- 
get material  along  planes  more  or  less  perpendicular  to  the  original 
target  surface. 

5. 3.2. 1.2- 6  retailing  - Plastic  deformation  of  a ductile  material  when 
struck  by  an  Impacting  projectile  or  fragment,  resulting  In  material 
being  forced  outward  In  leaf like  or  petal  forms. 

5. 3. 2. 1.2- 7  Punching  - A material  failure  In  shear  evidenced  by  a cir- 
cular plug  the  presented  size  of  the  attacking  projectile  or  fragment 
being  forced  out  of  the  material. 

5. 3.2. 1.2- 8  Perforation  - The  formation  of  a hole  or  holes  In  material 
struck  by  an  Impacting  projectile  or  fragment.  A portion  of  the  materia: 
Is  accelerated  ahead  of  the  projectile  or  fragment  and  exits  at  the  rear 
as  a plug  or  as  a number  of  secondary  fragments. 

5. 3. 2. 1.2- 9  Ballistic  Resistance  - A measure  of  the  capability  of  a 
material  or  component  to  stop  or  reduce  the  Impact  velocity  and  mass  of 
an  Impacting  projectile  or  fragment. 

5.3.2.1.2- 10  Ballistic  Limit  - The  average  of  two  striking  velocities, 
one  of  which  Is  the  highest  velocity  giving  a partial  pen'- ration  and  the 
other  of  which  Is  the  lowest  velocity  giving  a complete  penetration. 

There  are  several  measures  used  In  rating  the  resistance  of  armor  or 
other  materials  to  penetration,  the  three  most  widely  used  criteria  are: 
(1)  the  Army,  (2)  "protection",  and  (3)  the  Navy  ballistic  limits.  The 
essential  difference  between  these  tests  Is  the  difference  In  the  cri- 
terion employed  to  define  a perforation  as  Illustrated.  In  the  past, 
testing  was  performed  using  the  Am^  or  the  Navy  criterion  for  defining 
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penetration,  while  the  most  recent  firings  have  emphasized  the  protection 
criterion.  See  definitions  5. 6. 1-6,  5. 6. 1-7,  and  5. 6. 1-8  for  more 
Information  regarding  protection  ballistic  limit  tests. 


ARMY  PROTECTION  NAVY 

BALLISTIC  LIMIT  BALLISTIC  LIMIT  BALLISTIC  LIMIT 


5.3.2.1.2- 11  Vx  Ballistic  Limit  - Any  expression  of  ballistic  limit 
wherein  the  "X"  subscript  denotes  probability  of  conflate  penetration 
for  a projectile  or  fragment  of  striking  velocity  "V".  The  most  commonly 
used  Vx  ballistic  limit  is  VSO  which  is  the  critical  velocity  at  which 
50Z  complete  penetrations  and  50Z  partial  penetrations  of  the  target 
material  can  be  expected. 

5.3.2.1.2- 12  Impact  Fracture  - Catastrophic  fracture  upon  impact  of 
penetrator. 

5.3.2.1.2- 13  Melting  - The  primary  response  of  metal  materials  subjected  i 

to  a HEL  is  to  become  extremely  hot  due  to  the  thermal  energy  generated 

in  them  by  the  HEL  beam  and  to  then  melt  out  of  the  beam  path.  The  depth 
of  the  melt  is  dependent  upon  the  time  Increment  the  beam  is  placed  on 
the  target. 


{ 


f 


f 
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5. 3. 2. 1.3  Subfield  Term:  Subsystem  Response 

Definition:  The  reaction  of  target  subsystems  when  subjected 

to  damage  processes . 

E^lanatory  Notes:  The  "subsystem  response"  subfield  Is  gen- 

erally used  to  represent  subsystem  reactions  to  threat  Im- 
pingement such  as  leakage  rate,  leak  path,  damage  effects 
(both  primary  and  secondary),  progressive  damage,  electrical 
short  circuits,  limited  movement  of  control  surfaces,  fuel 
starvation,  alternate  operating  mode,  etc. 
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5. 3.2. 1.3- 1  Leakage  — The  accidental  escape  of  fluid  from  a system 
which  is  caused  by  damage  processes. 

5. 3. 2. 1.3- 2  Leak  Rate  - The  speed  or  rate-of-flow  of  the  accidental  es- 
cape of  fluid  from  a system  which  is  caused  by  damage  processes.  The 
leak  rate  is  influenced  by  such  factors  as  the  hole  size,  internal/ 
external  pressure,  fluid  level,  etc. 

5. 3.2. 1.3- 3  Leakage  Path  — The  route,  direction,  or  course  taken  by 
the  accidental  escape  of  fluid  from  a system  which  is  caused  by  damage 
processes. 


88 


5. 3. 2. 1.4  Subfield  Term:  Personnel  Response 

Definition:  The  reaction  of  aircrew  personnel  when  subjected 

to  damage  processes. 

Explanatory  Notes:  "Personnel  response"  Includes  discomfort. 

Incapacitation,  or  fatality  that  may  be  experienced  from  ex- 
posure to  primary  or  secondary  damage  effects.  The  primary 
effects  Include  penetration  (by  projectiles,  fragments,  or 
spallation),  high-explosive  blast  effects,  and  exposure  to 
chemical  agents.  Secondary  effects  are  those  created  by  pri- 
mary damage  effects  and  Include  such  factors  as  loss  of  pres- 
surization, breathing  oxygen,  cooling,  or  ventilation,  and  the 
presence  of  fire,  toxic  gases,  and  smoke. 


V 


5. 3.2.2  Subfield  Term:  Physical  Descriptors 


Definition:  Quantitative  measures  of  the  physical  properties 

of  the  target  or  target  element. 

Explanatory  Notes:  These  measures  Include  such  descriptive 

Information  as  presented  area.  Inherent  shielding,  component 
material,  material  thickness,  etc.  This  Information  Is  re- 
quired ultimately  to  determine  vulnerable  areas,  penetration 
probabilities,  residual  velocities,  etc.,  that  are  used  In  an 
aircraft  vulnerability  assessment. 
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5. 3. 2. 2- 1  Presented  Area  (Ap)  - The  area  of  a target  or  target  element 
projected  on  a plane  perpendicular  to  the  attack  aspect  (i.e.,  shot  line). 

5* 3. 2. 2— 2 Inherent  Shielding  — The  amount  of  shielding  a component 
possesses  due  to  Its  location  within  the  airframe.  Normally,  this 
shielding  Is  measured  along  a shot  line  In  terms  of  equivalent  Inches  of 
aluminum  In  order  to  facilitate  penetration  conq>utatlons . 

5. 3. 2. 2- 3  Skin— to-Component  Distance  — The  minimum  distance  between  the 
aircraft  outer  skin  and  a coiiq>onent  of  Interest.  Normally,  this  distance 
Is  measured  along  a shot  line  normal  to  one  of  the  six  cardinal  aircraft 
aspects  (I.e.,  front,  side,  top,  bottom,  etc.). 


S.3.2.3  Subfield  Term:  Subsystem  Descriptors 


Definition:  Descriptions  or  Identifications  relating  to  the 

type,  nature,  use,  operating  conditions  and  limitations  of 
the  subsystems  which  comprise  the  target  or  target  element. 

Explanatory  Notes:  These  descriptors  are  terms  or  data  which. 

In  some  manner,  relate  to  or  Influence  the  damage  suscepti- 
bility of  subsystems.  Terms  or  data  descriptive  of  the  opera- 
ting temperature,  pressure,  or  other  factors  useful  In 
describing  the  vulnerability  nature  of  the  target  are  Included. 
Examples  are  fly-by-wlre  flight  control  system.  Integral  fuel 
tanks,  emergency /back-up  system,  triple-redundant  control 
linkage,  hlgh-alrflow  propulsion  unit,  etc. 
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5. 3.2. 3- 1  Pyrophoric  Fuel  - A fuel  which  ignites  spontaneously  in  air. 
Examples  of  this  type  fuel  are  high-energy  fuels  for  Jet  airplanes  and 
propellants  for  missiles. 

5. 3.2. 3- 2  Lean  Limit  - A fuel-air  concentration  where  there  is  insuffi- 
cient fuel  to  support  combustion. 

5. 3.2. 3- 3  Rich  Limit  - A fuel-air  concentration  where  there  is  an  excess 
of  fuel  to  support  combustion. 

5. 3.2. 3- 4  Power-Booster  Flight  Control  System  - A reversible  control 
system  in  which  pilot  effort  is  exerted  through  a mechanical  linkage  and, 
at  some  point,  is  boosted  by  a power  source  (usually  hydraulic).  The 
response  for  this  type  system  is  the  same  as  the  mechanical  system  for 
the  linkage  portion. 

5. 3.2. 3- 5  Mechanical  Flight  Control  System  - A flight  control  system 
which  consists  of  a reversible  mechanical  linkage  between  the  pilot  and 
control  surface. 

5. 3.2. 3- 6  Full  Power  Flight  Control  System  - An  irreversible  control 
system  in  which  the  pilot  actuates  a power-control  servo-mechanism, 
through  a mechanical  linkage  or  electrical,  hydraulic,  or  pneumatic  sys- 
tem, which  positions  the  aircraft  control  surfaces. 

5. 3.2. 3- 7  Flv-Bv-Wire  Flight  Control  System  - A full-power  flight 
control  system  employing  an  electrical  control  system  rather  than  mechani- 
cal linkage. 


5. 3.2. 3- 8  Primary  Structure  - Elements  of  the  aircraft,  subsystems,  etc., 
which  provide  the  load  paths  for  maintaining  the  basic  structural  integ- 
rity of  the  aircraft.  Damage  to  any  of  these  elements  which  would 
disrupt  or  sever  any  of  the  primary  load  paths  could  result  in  a cata- 
strophic kill  on  the  aircraft.  Lesser  damage  to  these  elements  would 
degrade  the  aircraft  capability  and  could  also  lead  to  a catastrophic 
kill  resulting  from  the  secondary  damage  effects. 

5. 3.2. 3- 9  Secondary  Structure  - Elements  of  the  aircraft,  subsystems, 
etc. , which  provide  the  load  paths  for  supporting  ancillary  equipment  on 
the  aircraft.  Damage  to  any  of  these  elements  would  degrade  the  capability 
of  the  aircraft  and  could  also  lead  to  a catastrophic  kill  resulting  from 
secondary  damage  effects. 

5.3.2.3- 10  Nonhomogeneous  Component  - A conq>onent  that  is  not  constructed 
primarily  of  one  material,  but  instead  is  made  of  a conA>ination  of 
materials  of  differing  density  and  type.  Examples  are  wiring  bundles, 
avionics  modules  and  flexible  hydraulic  lines. 
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5.3.3  Subfield  Tern:  Response  Meesures 

Definition:  Quelltetive  end  quantitative  aeasures  of  the 

reaction,  in  terns  of  nlssion  perfomance  factors,  of  a 
target  or  target  elenent  fron  exposure  to  damage  processes. 

Explanatory  Notes:  Response  measures  are  used  to  define  the 

result  of  the  Interaction  betmen  threat  mechanisms  and  an 
aircraft  target.  This  definition  Includes  both  an  Identifi- 
cation of  the  nature  of  the  damage,  i.e.,  kill  process,  as  well 
as  the  resultant  aircraft  response.  This  response  or  result 
is  usually  measured  In  terms  of  mission  perfomance  factors 
such  as  Inmedlate  loss,  loss  In  ten  minutes,  etc.  (I.e.,  kill 
levels).  "Response  measures"  Is  subdivided  as  shown  below. 


KILL 

LEVELS 


5. 3. 3.1  Subfield  Term:  Kill  Processes 

Deflnlcloa:  The  reaction  and  Interaction  between  damage 

processes  and  the  target  or  target  element  which  result  In 
mission  performance  degradation. 

Explanatory  Notes:  The  term  "kill  processes”  refers  to  the 

nature  of  the  damage  that  results  In  a definable  performance 
degradation.  The  difference  between  the  terms  "kill  processes" 
and  "damage  processes"  Is  whether  a mission  performance  deg- 
radation results  from  the  damage  process.  Therefore  a kill 
process  Is  a subset  of  a damage  process.  For  example,  blast 
effects  may  or  may  not  have  a detrimental  effect  on  mission 
performance.  If  they  have  a detrimental  effect,  blast  effects 
would  constitute  a kill  process;  If  not,  blast  effects  would 
not  constitute  a kill  process. 
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5. 3. 3.1- 1  Direct  Kill  Process  - The  failure  or  degradation  of  a target 
or  target  element  caused  by  direct  Interaction  with  a damage  process. 

5. 3. 3. 1- 2  Indirect  Kill  Process  - The  failure  or  degradation  of  a target 
element  which  results  from  a damaging  or  degrading  condition  on  another 
target  element  by  a direct  Interaction  with  damage  process.  An  example 
of  an  "Indirect  kill  process"  Is:  the  loss  of  a flight  control  hydraulic 
system  by  action  of  a fuel  leakage  fire  initiated  by  an  Incendiary 
projectile  impact. 

5. 3. 3.1- 3  Explosive  Disintegration  - Sudden  rupture  and  destruction  of 
components  due  to  high-pressure  of  gas  or  vapor  within  the  components. 
This  disintegration  may  occur  as  a result  of  hlgh-temperature  or  fire 
conditions  causing  excessive  internal  pressure  buildup,  or  where  hlghly- 
pressurlaed  gaseous  containers  are  struck  by  a projectile  or  fragment. 


5. 3. 3.2  Subfield  Term:  Kill  Levels 


Definition:  Measures  of  the  degree  to  which  a target  or  tar- 

get element  suffers  performance  degradation  due  to  damage 
processes . 

Explanatory  Notes:  The  specification  form  of  "kill  levels" 

will  vary,  depending  on  the  particular  application,  aircraft 
type,  etc.  Hence,  a number  of  criteria  have  been  developed 
to  measure  the  degree  of  performance  degradation.  These  cri- 
teria may  be  applied  to  the  total  aircraft  or  to  Individual 
subsystems.  Examples  of  aircraft  kill  levels  Include  time- 
based  attrition  scales  (e.g.,  K kill  - loss  of  aircraft 
within  30  seconds,  A kill  - loss  of  aircraft  within  5 minutes, 
etc.)  as  well  as  mission-limiting  measures  such  as  mission 
abort,  oilsslon  available,  mission  completion,  etc.  In  general, 
there  are  two  categories  of  kill  levels:  Inclusive  and  ex- 
clusive. The  requirements  for  Inclusive  kill  levels  are  de- 
fined so  that  each  kill  level  Is  a subset  of  any  less  demanding 
kill  level.  For  example,  K kill  Is  a subset  of  A kill.  Ex- 
clusive kill  levels  are  defined  In  such  a way  that  the  re- 
quirements for  achieving  one  kill  level  are  completely 
Independent  of  the  requirements  for  achieving  another  level. 
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5. 3. 3. 2- 1  Attrition  Kill  - A measure  of  the  degree  of  aircraft  damage 
which  renders  It  Incapable  of  being  repaired,  or  not  economical  to  re- 
pair, so  that  It  Is  lost  from  the  Inventory.  Examples  of  attrition  kill 
levels  that  have  been  used  are: 

1.  KK-klll  - damage  that  will  cause  an  aircraft  to  disintegrate 
Immediately  upon  being  hit. 

2.  K-klll  - damage  that  will  cause  an  aircraft  to  fall  out  of 
manned  control  within  30  seconds  after  being  hit. 

3.  A-klll  - damage  that  causes  an  aircraft  to  fall  out  of  manned 
control  within  5 minutes  after  being  hit. 

4.  B-klll  - damage  that  causes  an  aircraft  to  fall  out  of  manned 
control  within  30  minutes  after  being  hit. 

5.  C-klll  - damage  that  causes  an  aircraft  to  fall  out  of  manned 
control  before  completing  Its  designated  mission.  (This  type  of 
attrition  kill  Is  also  commonly  referred  to  as  a "Mission  Kill.") 

5. 3. 3. 2- 2  Catastrophic  Kill  - A measure  of  the  degree  of  aircraft  damage 
which  causes  It  to  disintegrate  Inmedlately  after  the  damage  Is  Inflicted. 
This  type  of  kill  Is  generally  referred  to  as  a KK-klll.  See  explanatory 
notes  under  "Attrition  Kill." 

5. 3. 3.2- 3  Mission  Available  Kill  - A measure  of  a degree  of  aircraft 
damage  which  does  not  prevent  the  aircraft  from  completing  Its  desig- 
nated mission,  but  necessitates  repairs  before  the  next  scheduled  mission. 

5. 3. 3. 2- 4  Mission  Abort  Kill  - A measure  of  the  degree  of  aircraft  damage 
which  prevents  the  aircraft  from  completing  Its  designated  mission,  but 

Is  not  sufficient  to  cause  a loss  of  the  aircraft  to  the  Inventory. 

5. 3. 3. 2- 5  Forced  Landing  Kill  - A helicopter  kill  category  In  which 
damage  to  the  helicopter  or  a warning  Indication  causes  the  pilot  to  land, 
powered  or  unpowered.  The  extent  of  damage  may  be  such  that  very  little 
repair  Is  required  to  fly  the  helicopter  back  to  base;  however.  If  the 
pilot  continues  to  fly,  the  aircraft  will  be  destroyed.  The  forced 
landing  kill  category  Includes  a forced  landing  at  any  time  after  damage 
occurs  but  before  the  expenditure  of  the  aircraft  fuel  load. 

5. 3. 3.2- 6  Repair  Time  Kill  - A measure  of  the  degree  of  aircraft  damage 
which  will  be  sufficient  to  cause  the  aircraft  to  miss  Its  next  scheduled 
mission. 

5. 3. 3. 2- 7  Mission  Limiting  Condition  - A measure  of  a degree  of  aircraft 
damage  which  prevents  an  aircraft  from  completing  a portion  of  Its  assigned 
mission.  An  example  would  be  the  loss  of  one  engine  on  a supersonic 
flgjiter,  which  would  Inhibit  Its  ability  to  engage  supersonic  targets. 
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5. 3. 3.2- 8  E-Klll  - A measure  of  the  degree  of  damage  that  will  cause  an 
aircraft  to  be  structurally  damaged  upon  landing  given  it  survives  to 
the  point  of  landing  (e.g.,  a tire  blown). 

5. 3. 3.2- 9  V-Kill  - A measure  of  the  degree  of  damage  that  will  cause  a 
vertical  takeoff  or  landing  (VTOL)  aircraft  to  be  Incapable  of  vertical 

r flight,  vertical  takeoff,  or  vertical  landing. 


f 
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5.4  Topical  Field  Term:  Survivability  Enhancement 


Definition:  The  use  of  any  tactic,  technique,  or 

survivability  equipment,  or  combination  of  techniques  that  in- 
creases the  probability  of  survival  of  an  aircraft  when  opera- 
ting in  a man-made  hostile  environment. 

Explanatory  Notes:  Aircraft  survivability  enhancement  can  be 

accomplished  by  (1)  reducing  the  damage  susceptibility  of  the 
aircraft  given  an  exposure  to  threat  mechanisms  and  (2)  re- 
ducing the  probability  of  an  exposure  to  threat  mechanisms. 

In  practice,  these  two  objectives  can  be  achieved  through 
either  aircraft  design  enhancement  or  aircraft  utilization 
enhancement.  Aircraft  design  enhancement  refers  to  the  in- 
crease of  aircraft  survivability  by  a reduction  in  signature 
(IR,  radar,  visual)  and  in  vulnerability  (e.g.,  armoring). 
Aircraft  utilization  enhancement,  on  the  other  hand,  refers 
to  survivability  enhancement  derived  from  threat  avoidance 
(tactics  and  countermeasures)  and  active  self-defense  systems. 
The  term  "survivability  enhancement,"  therefore,  refers  to 
the  total  spectrum  of  defense  concepts  and  techniques. 
Accordingly,  the  "survivability  enhancement"  topical  field  is 
categorized  as  shown  below. 
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5.4.1  Subfield  Term:  Aircraft  Design  Enhancement 

Definition:  Enhancement  made  Inherent  to  the  vehicle  Itself 

that  tends  to  reduce  detectability  and  vulnerability. 

Explanatory  Notes:  The  term  "aircraft  design  enhancement" 

represents  those  design  activities  and  elements  directed 
toward  Increasing  aircraft  survivability.  It  does  not  Include 
those  elements  and  activities  that  are  related  to  survivability 
enhancement  derived  from  threat-degrading  subsystem  functions 
(e.g.,  ECM)  or  from  the  ways  that  the  aircraft  can  be  utilized 
In  a hostile  environment.  These  elements  are  Included  under 
"aircraft  utilization  enhancement".  Accordingly,  "aircraft 
design  enhancement"  Is  subdivided  as  shown  below. 


AIRCRAFT 

DESIGN 

ENHANCEMENT 


SIGNATURE 

SUPPRESSION 


REDUCED  SIGNATURES 

• RADAR 

• INFRARED 

• ACOUSTIC 

• OPTICAL 
ETC 


VULNERABILITY 

REDUCTION 


• HARDENING 
V/  COMPONENT 

SHIELDING 
\/  COMPONENT 
RELOCATION 

• SYSTEM/SUBSYSTEM 
DESIGN  ENHANCEMENT 

y/  redundancy 
\/  ACTIVE  DAMAGE 
SUPPRESSION 
PASSIVE  DAMAGE 
SUPPRESSION 


5. 4. 1.1  Subfield  Term:  Signature  Suppression 

Definition:  The  use  of  techniques  that  reduce  the  target  air- 

craft signatures  (i.e.,  infrared,  radar,  visual,  etc.)  that 
are  used  for  guidance  by  a man-made  threat  mechanism. 

Explanatory  Notes:  The  term  "signature  suppression"  represents 

that  collection  of  terms  that  describe  techniques  or  methods 
used  to  reduce  aircraft  inherent  detectability.  Signature  sup- 
pression can  be  effected  by  basic  design  (e.g.,  shape)  or  by 
add-on  materials  such  as  radar  absorbent  material.  This  re- 
duction in  detectability  can  benefit  survivability  by  inducing 
a delay  in  the  threat's  reaction  or  response  time  (e.g.,  shorter 
AAA  open-fire  ranges  and  hence  fewer  shots  fired)  or  by  com- 
pletely denying  the  enemy  knowledge  of  the  aircraft's  position. 
Synonyms  for  this  term  are  "reduction  of  obser’.-ables",  "reduc- 
tion of  detectables" , and  "signature  reduction." 


5.4. 1.1- 1  Observables  - Detectable  emissions  from  an  aircraft,  such  as 
radar.  Infrared,  smoke,  acoustical,  optical,  and  ultraviolet  characteristics. 

5.4. 1.1- 2  Radar-Absorbent  Material  - Materials  used  to  reduce  aircraft 
radar  cross  sections  by  attenuating  and  minimizing  reflections  of  Incident 
energy. 

5. 4. 1.1-  3 Radar  Cross-Section  Reduction  - Techniques  and  devices  such  as 
radar-absorbent  materials  and  radar  camouflage  designed  to  reduce  the 
radar  signature  of  aircraft. 

5. 4. 1.1- 4  Infrared  Radiation  - Electromagnetic  radiation  in  the  0.7  to 
300  micron  band.  Infrared  radiation  may  be  used  to  locate  and  Identify 
a target  and  point,  track,  and  guide  a missile  to  that  target. 

5. 4. 1.1- 5  Infrared  Signature  - The  amplitude,  bandwidth,  and  modulation 
of  a signal  emitting  or  reflecting  energy  In  the  0.7  to  300  micron  band. 

This  Includes  radiation  from  hot  engine  parts,  gas  exhaust,  ram  air 
temperature  rise  and  other  aircraft  hot  spots.  It  also  Includes  solar 
reflections . 

5. 4. 1.1- 6  Infrared  Suppressors  - 

1.  Passive  - shielding  or  ducting  which  precludes  direct  llne-of- 
slght  between  missile  detectors  and  hot  metal  on  the  aircraft. 

2.  Active  - active  suppressors  cool  down  engine  exhaust  gases  by 
mixing  with  ducted  external  air  so  that  the  resultant  tempera- 
ture levels  are  more  difficult  to  detect. 

5. 4. 1.1- 7  Acoustic  Suppression  - Refers  to  engine  mufflers,  sound  ab- 
sorbent materials,  redesigned  (or  increased  numbers  of)  rotor  blades, 
etc.,  to  reduce  the  noise  produced  by  an  aircraft  In  the  audible  range. 

5.4. 1.1- 8  Visual  Suppression  (Glint,  Glare)  - Nonreflective  paints  and 
coating  for  structure  and  glass,  redesigned  (flat  plate)  canopies  and 
camouflage  paints.  In  the  future  this  may  Include  lighting  techniques 
to  reduce  visual  contrast. 


5. 4. 1.2  Subfield  Term:  Vulnerability  Reduction 

Definition:  Any  technique  that  enhances  the  aircraft  design 

In  a manner  that  reduces  the  aircraft's  susceptibility  to 
damage  when  subjected  to  threat  mechanisms. 

Explanatory  Notes:  The  term  "vulnerability  reduction"  refers 

to  those  activities  and  elements  that  are  designed  to  reduce 
Inherent  aircraft  vulnerability.  A synonym  for  this  term  Is 
"vulnerability  minimization"  which  affirms  that  the  enhance- 
ment considerations  are  also  an  Integral  part  of  the  Initial 
aircraft  design  process.  Vulnerability  reduction  can  be 
achieved  from  hardening  (e.g.,  armor)  or  from  subsystem  design 
enhancement  (e.g.,  redundancy).  Accordingly,  "vulnerability 
reduction"  Is  subdivided  as  shown  below. 
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5. 4. 1.2.1  Subfield  Term:  Hardening 

Definition:  That  type  of  vulnerability  reduction  effected  by 

Interposing  less  essential  coag>onents  between  critical  com- 
ponents and  the  threat  mechanisms,  by  eliminating  critical 
components,  or  by  the  use  of  materials  having  Improved 
characteristics. 

Explanatory  Notes:  The  term  "hardening"  Is  restricted  solely 

to  vulnerability  reduction,  and,  further,  solely  to  reductions 
achieved  by  eliminating  critical  coiiq>onents , relocating 
critical  components  to  less  vulnerable  positions,  physically 
shielding  critical  components  with  an  armor-type  material,  or 
improving  the  materials'  characteristics,  e.g.,  strength 
ductility,  reflectivity,  etc.  Accordingly,  "hardening"  has 
been  subdivided  Into  "elimination",  "relocation",  "shielding", 
and  "material  Improvement".  The  schematic  Illustrates  the 
distinction  between  relocation  and  shielding. 
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5. A. 1.2. 1.1  Sub field  Term:  Component  Elimination 

Definition:  That  type  of  hardening  that  Is  achieved  by  removal 

of  a critical  component. 
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5. 4. 1.2. 1.2  Subfield  Term:  Component  Relocation 


Definition:  That  type  of  hardening  that  Is  achieved  by  re- 

positioning critical  components  In  a manner  that  reduces  the 
probability  that  a damage  process  will  produce  lethal  damage. 

Explanatory  Notes:  The  term  "component  relocation"  refers  to 

those  repositioning  techniques  or  design  actions  that  are  used 
to  (1)  enhance  component  shielding  by  taking  advantage  of 
shielding  offered  by  less  critical  components,  (2)  reduce  the 
vulnerability  of  Interdependent  components,  and  (3)  ensure 
that  redundant  components  are  sufficiently  separated  to  main- 
tain true  single-hit  redundancy. 
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5. A. 1.2. 1.2-1  Component  Separation  - The  technique  of  locating  or 
routing  duplicate  (redundant)  system  elements  Independently  or  the 
repositioning  of  critical  Interdependent  components  to  prevent  or  mini- 
mize simultaneous  damage  from  threat  mechanisms. 

5. A. 1.2. 1.2-2  Component  Concentration  - The  technique  of  compactly 
grouping  critical  components  to  reduce  the  overall  vulnerable  area  of 
vehicle  subsystems  so  that  they  may  be  more  effectively  shielded,  or 
located  to  present  the  least  vulnerable  aspect  to  a threat  mechanism. 

5. A. 1.2. 1.2-3  Protective  Masking  - The  protection  of  a critical  system 
component  (as  the  pilot)  by  positioning  less  critical  components  between 
It  and  potential  hostile  fire.  The  figure  Illustrates  pilot  protection 
by  masking  techniques . 


5. 4. 1.2. 1.3  Subfield  Term:  Component  Shielding 

Definition:  That  type  of  hardening  that  Is  achieved  with  the 

use  of  plates,  coatings,  or  other  materials  that  tend  to  re- 
sist or  absorb  damage  processes. 

Explanatory  Notes:  The  shielding  material  may  or  may  not  be 

an  Integral  or  load-bearing  part  of  the  aircraft  structure. 

It  may  be  parasitic  In  the  sense  that  It  Is  attached  to  bulk- 
heads, frames,  etc.,  and  therefore  serves  only  a shielding 
function.  In  this  case,  damage  to  or  loss  of  the  shielding 
would  not  necessarily  cause  a degrading  condition  on  the  air- 
craft. Integral  shielding,  on  the  other  hand,  may  be  con- 
structed and  Installed  as  a load-carrying  member  of  the  air- 
craft. In  this  case,  damage  or  loss  of  the  shielding  may  have 
a degrading  effect  on  the  mission  function  of  the  aircraft. 

The  term  "component  shielding"  applies  to  both  of  these 
applications . 


5.4. 1. 2. 1. 3-1  Armor  - A shielding  material  provided  for  ballistic  defeat 
of  projectiles  or  fragments  when  Inherent  shielding  Is  Inadequate. 


5. 4. 1.2.1. 3- 2  Armor  Material  - A basic  material  having  those  properties 
required  to  provide  a measure  of  protection  against  ballistic  Impacts. 

5. 4. 1.2.1. 3- 3  Armor  System  - A combination  of  one  or  more  elements  made 
of  basic  armor  materlal(s)  to  form  an  effective  ballistic-protection 
device. 


5. 4. 1.2. 1.3- 4  Homogeneous  Armor  - An  armor  made  from  a single  material 
that  Is  consistent  throughout  In  terms  of  chemical  composition,  physical 
properties,  and  degree  of  hardness. 

5. 4. 1.2.1. 3- 5  Composite  Armor  - An  armor  system  consisting  of  two  or 
more  different  armor  materials  bonded  together  to  form  a protective  unit. 

5. 4. 1.2.1. 3- 6  Solid  Armor  - All  homogeneous  and  composite  armor  materials 
and  systems  having  no  air  spaces  between  elements. 

5.4. 1.2. 1.3- 7  Spaced  Armor  - Armor  systems  having  spaces  between  armor 
elements . 


5. 4. 1.2.1. 3- 8  Transparent  Armor  - Armor  resulting  from  the  lamination  of 
conmerclally  available  hard  glass,  tenq>ered  glass,  chemically-strengthened 
glass,  polyurethanes,  methal  methacrylates  and  polycarbonates. 

5. 4. 1.2.1. 3- 9  Integral  Armor  - Armor  material  used  as  a part  of  airframe 
or  component  construction  to  perform  a load-carrying  or  other  operational 
function,  in  addition  to  ballistic  protection. 

5.4.1.2.1.3- 10  Parasitic  Armor  - Armor  attached  to  an  aircraft  where  the 
armor  serves  the  sole  function  of  giving  ballistic  protection. 

5.4.1.2.1.3- 11  Convertible  Armor  - Basic  aircraft  structure  in  combina- 
tion with  selected  lightweight  armor  materials  that  could  be  easily 
Installed  or  "buttoned  on"  an  aircraft  depending  on  mission  requirements. 

5.4.1.2.1.3- 12  Impact  Overmatch  Armor  Material  - A term,  used  primarily 
In  association  with  steel  armor,  which  Indicates  that  the  diameter  of 
the  Impacting  projectile  is  larger  than  the  thickness  of  the  armor  plate. 

5.4.1.2.1.3- 13  Impact  Undermatch  Armor  Material  - A term,  used  primarily 
in  association  with  steel  armor,  which  indicates  that  the  diameter  of 
the  inq>acting  projectile  is  less  than  the  thickness  of  the  armor  plate. 

5.4.1.2.1.3- 14  Full  Multi-hit  Capability  - The  ability  of  an  armor  to 
sustain  two  or  more  hits  within  a distance  of  three  calibers  without 
loss  in  ballistic  performance. 
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5.4.1.2.1.3- 15  Limited  Multi-hit  Capability  - A lesser  degree  of  armor 
protective  ability  than  that  provided  by  armor  having  full  multl-hlt 
capability. 

5.4.1.2.1.3- 16  Armor  Material  Merit  Rating  - The  protection  capability 
of  candidate  armor  material  related  to  the  known  protection  capability  of 
a standard  steel  armor.  Normally,  this  rating  Is  made  on  the  basis  of 
weight  for  the  same  ballistic  protection  level  or  In  terms  of  ballistic 
protection  level  for  the  same  areal  density. 

5.4.1.2.1.3- 17  Rachel  Net  - A type  of  net  mesh  used  In  aircrew  personnel 
equipment  to  provide  maximum  mobility  and  comfort.  It  Is  used  to  distri- 
bute the  load  of  personnel  armor  over  large  areas  of  the  torso. 

5.4.1.2.1.3- 18  Tension  Web  System  - A web  system  that  Integrates  rachel 
net  with  other  fabric  elements  of  a body  armor  suspension  system. 

5.4.1.2.1.3- 19  Areal  Density  - A measure  of  the  weight  per  unit  area  of 
armor  material.  It  Is  expressed  in  pounds  per  square  foot  of  area. 
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5. 4. 1.2. 1.4  Subfield  Tern:  Component  Material  Improvement 

Definition:  The  type  of  hardening  achieved  by  improving 

material  charecterlatica  that  reduces  the  probability  that  a 
damage  process  will  produce  lethal  damage. 

Explanatory  Notes:  The  term  "conq>onent  material  Improvement" 

refers  to  the  continuing  research  and  development  of  new  or  im- 
proved materials  which  can  replace  existing  component  material 
to  reduce  the  vulnerability  of  the  component  or  underlying  com- 
ponents to  a threat  mechanism.  An  example  would  be  the  re- 
placement of  a transmission's  steel  housing  with  a steel- 
titanium  alloy  which  is  more  Impervious  to  ballistic  or  HEL 
penetration. 


5. 4. 1.2. 2 Subfield  Tens:  System/SubsysCem  Design  Enhancement 

Definition:  Any  type  of  vulnerability  reduction,  exclusive  of 

hardening,  that  Is  effected  In  the  design  of  a system  or  sub- 
system. 

Explanatory  Notes:  The  term  "system/subsystem  design  enhance- 

ment" refers  to  all  techniques,  methods,  and  design  actions 
used  to  reduce  the  Inherent  vulnerability  of  a system  or  sub- 
system. These  techniques  consist  of  both  active  and  passive 
damage  suppression  (e.g.,  fire  suppression/extinguishing  sys- 
tems vs  reticulated  foam)  as  well  as  design  redundancy.  Ac- 
cordingly, "system/subsystem  design  enhancement"  Is  subdivided 
as  shown  below. 


5.4.1 .2.2 

SYSTEM/SUBSYSTEM 
DESIGN  enhancement 


5.4.1. 2.2.1 


5.4.1. 2.2.2 


5A.1.2.2J 


REDUNDANCY 


ACTIVE 

DAMAGE 

SUPPRESSION 


PASSIVE 

DAMAGE 

SUPPRESSION 


5. 4. 1.2. 2.1  Sub field  Term:  Redundancy 

Definition:  The  employment  of  multiple  devices,  structural 

elements,  parts,  or  mechanisms  in  combination  for  the  purpose 
of  enhancing  survivability. 

Explanatory  Notes:  Redundancy  can  be  employed  at  the  component, 

subsystem,  or  system  level.  The  extent  of  redundancy  may  be  of 
two  general  types:  (1)  total  redundancy.  In  which  each  re- 

dundant element  is  fully  capable  of  performing  the  required 
function,  or  (2)  partial  redundancy,  in  which  each  element  in- 
dependently performs  some  percentage  of  the  total  function.  The 
difference  between  these  modes  of  redundancy  Is  In  their  re- 
sponse to  threat-induced  damage.  For  example,  the  loss  of  one 
channel  of  a totally  redundant  flight  control  system  will  have 
no  detrimental  effects  on  flight  control  performance.  On  the 
other  hand,  the  loss  of  one  channel  on  a partially  redundant 
flight  control  system  may  restrict  the  flight  envelope  of  the 
aircraft. 


5. 4. 1.2. 2. 1- 1  Actual  Redundancy  - The  redundancy  achieved  through  the 

use  of  similar  sets  of  components,  elements,  or  mechanisms  In  which 
each  set  performs  Identical  functions.  Examples  of  "actual  redundancy" 
are:  two  Identical  actuators  to  move  the  same  control  surface,  two 

Identical  fuel  pumps  to  supply  engine  fuel,  etc. 

5. 4. 1.2. 2. 1- 2  Functional  Redundancy  - The  redundancy  achieved  through 

the  use  of  different  sets  of  components  elements,  or  mechanisms  In  which 
each  set  can  perform  Identical  functions.  Examples  of  "functional  re- 
dundancy" are:  redundant  roll  control  through  ailerons  or  flaperons, 

electrical  backup  to  mechanical  linkage  from  the  control  stick  to  a servo 
actuator,  etc. 
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5. 4. 1.2. 2. 2 Subfield  Term:  Active  Damage  Suppression 

Definition:  Any  design  technique  that  reduces  vulnerability 

by  incorporating  a sensor  or  other  device  which,  upon  the  im- 
pingement of  a threat  mechanism,  activates  a function  that 
tends  to  contain  the  damage  (i.e.,  reduce  or  negate  subsequent 
effects)  and  thus  reduces  the  probability  tnat  the  impingement 
will  lead  to  the  disablement  of  the  system  or  subsystem. 

Explanatory  Notes:  Active  damage  suppression  techniques  are 
designed  to  activate  after  threat  impact  and,  therefore,  make 
use  of  a sensor(s)  as  well  as  a suppressive  device.  For  ex- 
ample, a fire  detection/extinguishing  system  uses  a heat  de- 
tector to  sense  high-temperature  areas  attributable  to  incen- 
diaries, sparks,  etc.  Following  detection  the  system  may, 
depending  upon  the  design,  automatically  dispense  an  inerting 
fluid  or  gas  or  may  alert  the  pilot  to  the  presence  of  a 
hazardous  situation.  At  his  option,  then,  the  extingulshant 
may  be  released.  These  techniques  can  be  contrasted  to  passive 
damage  suppression  techniques  which  operate  independently  of  a 
sensing  or  threat  assessment  function. 


5. 4. 1.2. 2. 2- 1  Fire  Suppression  System  - A method,  device,  or  system  to 
detect  fire  or  Ignition  resulting  from  combat  threat  effects  and  to  ex- 
tinguish the  fire  In  sufficient  time  to  prevent  aircraft  structural 
damage. 

5. 4. 1.2. 2. 2- 2  Explosion  Suppression  - A method,  device,  or  system  to 
effectively  extinguish  an  explosion  after  Ignition  but  before  the  build- 
up of  pressure  to  levels  above  the  design  limit  of  the  fuel  tank  or 
other  compartment  subject  to  explosion. 


» 


) 
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3. 4. 1.2. 2. 3 Subfield  Terin:  Passive  Damage  Suppression 

Definition:  Any  design  technique  that  reduces  vulnerability 

by  incorporating  a substance  which,  after  the  impingement  of  a 
threat  mechanism,  tends  to  contain  the  damage  (l.e.,  reduce  or 
negate  subsequent  effects)  and  thus  reduces  the  probability 
that  the  impingement  will  lead  to  the  disablement  of  the  sys- 
tem or  subsystem. 

Explanatory  Notes:  "Passive  damage  suppression"  techniques  are 

independent  of  sensing  or  assessing  functions  and,  hence,  are 
integral  techniques  whose  response  to  threat  impact  serves  to 
minimize  damage.  Examples  of  such  techniques  are  polyurethane 
foam,  which  prevents  internal  tank  explosion;  continuous  ex- 
haust gas  inerting,  which  eliminates  combustible  mixtures  from 
inside  fuel  tanks;  blowout  panels,  which  reduce  structural 
damage;  and  so  forth.  These  techniques  can  be  contrasted  to 
active  damage  suppression  techniques,  which  function  only 
after  sensing  threat  impact. 
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5. 4. 1.2. 2. 3-1  Leakage  Control  - A technique  used  to  handle  and  direct 
liberated  fluids  or  vapors  In  such  a manner  that  danger  to  the  aircraft 
and  crew  Is  minimized.  This  technique  Includes  sealing  of  sensitive  or 
Ignition-producing  areas,  drainage  provisions,  flow  diverters,  and 
venting  features. 


5. 4. 1.2. 2. 3- 2  Leakage  Suppression  - A technique  that  uses  self-sealing 
materials  designed  to  accept  a degree  of  ballistic  damage  and  seal  the 
damaged  area  with  little  or  no  leakage  from  the  fluid  container. 

5. 4. 1.2. 2. 3- 3  Gelling  Additive  - A substance  added  to  regular  fuel  which 
gelantlzes  and  Increases  Its  viscosity,  and  reduces  vaporization  and 
susceptibility  of  the  fuel  to  fire  and  explosion. 

5. 4. 1.2. 2. 3- 4  Coagulating  Cell  - A fuel  cell  containing  a substance 
between  the  Inner  and  outer  layers  of  the  tank  structure  which,  when  ex- 
posed by  damage,  causes  the  fuel  to  become  a soft,  semlsolld  mass  or  clot 
resulting  In  sealing. 

5.4. 1.2. 2. 3- 5  - Fuel  Tank  Inerting  - A method  or  system  utilizing  non- 
combustible  gases  such  as  nitrogen  or  freon  to  preclude  combustible  fuel 
and  air  mixtures,  and  thus  prevent  fire  and  explosion. 


5. 4. 1.2. 2. 3- 6  - Exhaust-Gas  Inerting  System  - An  Inerting  system  which 
utilizes  exhaust  gas  Inside  fuel  tanks  to  reduce  the  oxygen  concen- 
tration to  levels  that  will  not  support  combustion. 

5. 4. 1.2. 2. 3- 7  - Nitrogen  Inerting  System  - An  Inerting  system  which 
utilizes  nitrogen  Inside  fuel  tanks  to  reduce  the  oxygen  concentration 
to  levels  that  will  not  support  combustion. 

5. 4. 1.2. 2. 3- 8  - Halon  Inserting  System  - An  Inserting  system  which 
utilizes  halon  Inside  fuel  tanks  to  reduce  the  oxygen  concentration  to 
levels  that  will  not  support  combustion. 

5. 4. 1.2. 2. 3- 9  - Void  Filler  Foam  - A spongellke  polyurethane  for  filling 
voids  around  fuel  cell  exteriors  and  other  airframe  compartments  In 
order  to  minimize  the  development  of  combustible  mixtures  from  a fuel 
leakage . 

5.4.1.2.2.3- 10  - Reticulated  Polyurethane  Foam  - A flexible  polyurethane 
foam  with  a netllke  porous  structure  used  In  fuel  cell  Interiors  to  pre- 
vent fire  and  explosion.  Two  mechanisms  by  which  reticulated  foam  Is 
believed  to  suppress  the  combustion  reaction  are:  (1)  removal  of  energy 
from  the  combustion  process  by  absorption  of  heat,  (2)  removal  of  energy 
from  the  combustion  process  by  mechanical  Interference. 
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5.4.1.2.2.3- 11  Whiffle  Balls  - Hollow,  thln-shell  polyethelene  balls, 
with  multiple  perforations  used  for  explosion  and  fire  suppression  In 
fuel  tanks.  The  fuel  capacity  of  a tank  filled  with  these  balls  Is  re- 
duced approximately  5Z. 

5.4.1.2.2.3- 12  Drip  Fence  - A design  feature  used  to  enhance  surviv- 
ability by  preventing  leaking  flammable  fluid  from  contacting  electrical 
equipment,  wiring,  or  other  Ignition  source.  One  type  of  drip  fence  that 
makes  use  of  existing  structural  members  Is  Illustrated  In  the  figure. 

In  effect,  the  addition  of  drain  holes  on  both  sides  of  structural  members 
such  as  stringers  enables  those  members  to  act  as  drip  fences. 


Drip  Fence  Installation  Making  Use  of 
Existing  Structural  Mesbers. 
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S. 4. 1.2. 2. 3-13  Blowout  Panel  - A device  used  to  minimize  Internal  and 
primary  structural  damage  resulting  from  high  Impulse  pressures  caused  by 
Internal  blast.  An  example  of  a "blowout  panel"  Is  Illustrated  below. 


PROJSCTILE  ENTRY 


BLOWOUT 

PANEL 


5.4.1.2.2.3-14  Fire  Resistance  Hydraulic  Fluid  - Hydraulic  fluid  that  is 
self-extinguishing  or  that  will  not  support  combustion  when  the  flame 
source  Is  removed. 


5.4.1.2.2.3-15  Ballistic  Damage  Tolerant  - A component  or  system  that 
will  allow  perforation  by  an  Impacting  projectile  or  fragment  with  mini- 
mum energy  transfer  and  minimum  structural  damage,  thereby  retaining 
structural  Integrity  for  at  least  short  duration  operation  following 
ballistic  impact.  Composite  components  or  redundant  franglblle  materials 
are  commonly  used  to  provide  multi-load  paths. 
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5.4.2  Subfield  Term:  Aircraft  Utilization  Enhancement 

Definition:  Survivability  enhancement  that  derives  either  from 

threat-degrading  system  or  subsystem  functions  or  from  the  ways 
in  which  the  aircraft  can  be  utilized  in  a hostile  environment. 

Explanatory  Notes:  "Aircraft  utilization  enhancement"  serves 

to  reduce  the  probability  of  a hit  and  the  expected  number  of 
impacts  from  a threat  encounter.  The  term  "aircraft  utiliza- 
tion enhancement"  represents  those  elements  and  activities  that 
relate  to  tactics,  countermeasures,  and  self-defense  systems. 
These  techniques  can  be  contrasted  to  aircraft  design  enhance- 
ments that  are  made  Inherent  to  the  aircraft  itself  and  that 
tend  to  reduce  inherent  detectability/vulnerability.  Accord- 
ingly, "aircraft  utilization  enhancement"  is  subdivided  as 
shown  below. 
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3. 4. 2.1  Subfield  Term:  Tactics 

Definition:  Methods  of  survivability  enhancesMnt  that  derive 

from  the  use  of  mission  Implementation  techniques  which  are 
Judiciously  selected  from  the  set  of  options  provided  by  the 
aircraft  In  the  context  of  the  hostile  environment  and  mission 
objectives. 

Explanatory  Notes:  The  term  "tactics”  Is  used  to  describe 

those  activities,  flight  and  mission  planning,  flight  profiles, 
formations,  etc.,  that  are  designed  to  minimise  aircraft  ex- 
posure to  threats.  These  tactics  exploit  the  aircraft's  per- 
formance and  weapon  delivery  capabilities  with  the  objective 
of  limiting  threat  response.  Examples  are  high-speed,  lo%r- 
altltude  penetration,  jinking  maneuvers,  known  threat  site 
avoidance,  standoff  weapon  delivery,  nap-of-the-earth  flight, 
and  so  forth. 
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5. 4. 2. 1- 1  Nap-of-the-Earth  Flight  - Flight  (generally  associated  with 
helicopters)  as  close  to  the  earth's  surface  as  vegetation  or  obstacles 
will  permit,  while  generally  following  the  contours  of  the  earth.  Air- 
speed and  altitude  are  varied  as  Influenced  by  the  terrain,  weather, 
ambient  light,  and  enemy  situation. 

5. 4. 2. 1- 2  Contour  Flying  - Flight  at  approximately  a constant  Incremental 
altitude  above  the  surface  (terrain  and  vegetation)  contour. 

5. 4. 2. 1- 3  Jinking  - Aircraft  maneuvers  (l.e.,  random  changes  In  flight 
path,  altitude,  speed,  etc.)  designed  to  Induce  mlss-produclng  effects 
on  enemy-launched  weapons. 

5. 4. 2. 1- 4  Threat  Avoidance  - Flight -path  selection  designed  to  fly 
around  the  effective  coverage  of  known  threat  locations  In  order  to 
minimize  threat  encounters. 
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5. 4. 2. 2 Subfield  Term:  Countermeasures 

Definition:  Any  systems  or  subsystems  which  either  (1)  actively 

tend  to  degrade  the  ability  of  a threat  to  function  in  Its 
normal  mode  or  to  achieve  Its  normal  level  of  effectiveness, 
or  (2)  provide  Information  which  enables  the  aircraft  command 
to  respond  to  the  hostile  environment  In  a manner  that  en- 
hances survival. 

Explanatory  Notes:  "Countermeasures"  have  been  designed  to 

operate  in  all  three  portions  of  the  electromagnetic  spectrum  - 
RF,  Infrared,  visual  - and  can  be  generally  classified  as 
active  or  passive.  Active  countermeasures  operate  on  or 
directly  Influence  enemy  radiation  or  radiation  reflections. 
Passive  countermeasures  do  not  directly  Influence  enemy  radi- 
ation but  exploit  It  for  survival  enhancement  purposes.  For 
example,  an  active  Infrared  countermeasure  (IRCM)  Is  the  ejec- 
tion of  an  infrared  flare  to  cause  an  IR  missile  to  home-on  the 
flare  Instead  of  the  aircraft.  A passive  IRCM  Is  the  detection 
of  a missile  booster  flash  by  IR  surveillance  equipment  to  pro- 
vide programming  for  ejecting  flares  at  the  iDost  appropriate 
times.  The  term  "countermeasures,"  therefore,  describes  the 
full  spectrum  of  systems,  subsystems,  equipments,  etc.,  that 
utilize  the  electromagnetic  spectrum  to  degrade  threat 
effectiveness. 
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5.4.2. 2- 1  Electronic  Warfare  (EW)  - That  division  of  the  military  use 
of  electronics  Involving  actions  taken  to  prevent  or  reduce  an  enemy's 
effective  use  of  radiated  electromagnetic  energy  and  actions  taken  to 
ensure  our  own  effective  use  of  radiated  magnetic  energy.  Its  primary 
objective  Is  to  enhance  survivability  in  threat  environments  which  uti- 
lizes the  electromagnetic  spectrum  for  searching.  Intercepting,  and 
attacking  friendly  aircraft. 

5. 4. 2. 2- 2  Electronic  Countermeasures  (ECM)  - That  major  subdivision  of 
electronic  warfare  Involving  actions  taken  to  prevent  or  reduce  the 
effectiveness  of  enemy  equipment  and  tactics  employing  or  affected  by 
electromagnetic  radiations  and  to  exploit  the  enemy's  use  of  such 
radiations. 

5. 4. 2. 2- 3  Electronic  Deception  - The  deliberate  radiation,  reradlatlon, 
alteration,  absorption,  or  reflection  of  electromagnetic  radiations  In 

a manner  Intended  to  mislead  an  enemy  In  the  Interpretation  of  data  re- 
ceived by  his  electronic  equipment  or  to  present  false  Indlcatlor  :o 
electronic  systems.  There  are  two  categories  of  deception:  mani^  .lated 

and  Imitative.  Manipulative  deception  refers  to  the  alteration  or  simu- 
lation of  electromagnetic  radiation  to  accomplish  deception.  Imitative 
deception  refers  to  the  Introduction  of  radiations  Into  enemy  channels 
which  Imitate  hla  own  emissions. 

5. 4. 2. 2- 4  Electronic  J«"<">lng  - The  deliberate  radiation,  reradlatlon, 
or  reflection  of  electromagnetic  signals  with  the  object  of  Impairing 
the  use  of  electronic  devices  by  the  enemy. 

5. 4. 2. 2- 5  Electronic  Counter-Countermeasures  (ECCM)  - The  major  sub- 
division of  electronic  warfare  Involving  actions  taken  to  Insure  our 
own  effective  use  of  electromagnetic  radiations  despite  the  enemy's  use 
of  countermeasures. 

5. 4. 2. 2- 6  Electronic  Decoys  - Devices  deployed  In  electronic  environments 
to  confuse  enemy  radars  or  other  acquisition  and  tracking  systems  In 
order  to  dilute  enemy  defense  capabilities. 

5. 4. 2. 2- 7  Radar  Homing  and  Warning  (RHAW)  - Aircraft  equipment  used  to 
provide  signal  recognition  and  real  time  awareness  of  defensive  radar 
systems. 
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5. 4. 2. 3 Subfield  Term:  Self-Defense  Systems 

Definition:  Any  system  which  tends  to  enhance  survivability 

by  providing  a real-time  method  of  either  (1)  destroying  the 
threat  propagator  before  Initiation  of  the  damage  process  or 
(2)  damaging  the  threat  control  system  to  an  extent  which  de- 
grades Its  functioning. 

Explanatory  Notes:  The  term  "self-defense  systems"  describes 

those  systems  which  destroy  or  degrade  threat  operations  by 
actively  Intercepting  the  threat  mechanism  In  flight  or  by 
destroying  or  damaging  the  threat  prior  to  launch.  Examples 
of  active  self-defense  systems  are:  (1)  a bomber  defense 

missile  (BDM)  for  damage  to  or  destruction  of  airborne  Inter- 
ceptors; and  (2)  a short-range  attack  missile  (SRAM)  for 
damage  to  or  destruction  of  surface-based  threats.  "Self- 
defense  systems"  can  be  contrasted  to  active  countermeasures, 
which  relates  to  the  use  of  portions  of  the  electromagnetic 
spectrum  to  degrade  threat  effectiveness  by  jamming  or  decep- 
tion. It  Is  pointed  out,  according  to  the  above  definition, 
passive  self-defense  systems  cannot  be  Included  under  "self- 
defense  systems".  These  systems  are  Included  under  the  sub- 
fields "tactics"  and  "countermeasures". 
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5.4.2. 3-1  Active  Self-Defense  - A method  of  self-protection  by  use  of 
armament  to  destroy  the  enemy  threat  or  to  suppress  his  activity  so 
that  he  cannot  fire  or  launch  a weapon. 
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5.5  Topical  Field  Term:  Survivability  Enhancement  Tradeoffs 


Definition:  The  process  of  examining  and  quantifying  both 

the  survival  benefits  and  the  penalties  associated  with  alter- 
native survivability  enhancement  techniques  of  aircraft  and 
subsystems;  the  objective  of  this  tradeoff  process  is  to 
derive  the  insights  necessary  to  select  the  optimal  config- 
uration or  utilization  for  defined  mission  roles. 

Explanatory  Notes:  The  topical  field  "survivability  enhance- 

ment tradeoffs"  addresses  the  benefits  and  penalties  associ- 
ated with  aircraft  utilization  enhancement  as  well  as  with 
aircraft  design  enhancement.  Therefore  the  procedures  used 
to  perform  these  tradeoffs  should  integrate  penalties  such  as 
increased  weight,  reduced  payload,  reduced  performance,  in- 
creased cost,  etc.  with  benefits  measured  in  terms  of  in- 
creased probability  of  survival,  reduced  force  requirements, 
reduced  attrition  cost,  etc.  The  term  "survivability  enhance- 
ment tradeoffs"  refers  to  those  techniques,  procedures,  and 
activities  that  quantify  and  relate  benefits  and  penalties. 
Therefore,  this  topical  field  contains  terms  that  define  both 
the  benefits  and  penalties  (flgures-of-merlt)  and  the  proce- 
dures used  to  Integrate  the  benefits  and  penalties  (merit 
rating  systems) . 
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5.5.1  Subfield  Term;  Flgures-of-Merit  (F(M) 


Definition:  Parameters  used  to  define  the  benefits  and  penal- 

ties associated  with  aircraft  design  or  usage  alternatives. 

Explanatory  Notes:  The  definition  of  a f Igure-of-merlt  In- 

volves the  Identification  of  the  measure  as  well  as  the  speci- 
fication of  the  associated  units  or  dimensions  used  with  the 
measure.  "Flgures-of -merit"  can  be  developed  as  measures  of 
effectiveness,  cost,  or  cost-effectiveness  and  are  normally 
used  to  rank  or  compare  aircraft  design  or  usage  alternatives. 
Examples  of  "f Igures-of-merlt"  are  shown  In  the  table  below. 


TYPE 

MEASURE 

DIMENSIONS 

Effectiveness 

FOM 

o Weight 
0 Attrition 
0 Exchange  Ratio 
o Combat  Sortie  Life 

0 Pounds  per  Aircraft 
o Losses  per  Thousand 
Sorties 

o Losses  per  Target 
Killed 

0 Number  of  Sorties 
per  Aircraft 
Lifetime 

Cost  and 

Cost-Effectiveness 

FOM 

o Flyaway  Cost  Impact 
o Attrition  Effects 
0 Support  Requirements 
0 Program  Effects 
o Force  Impact 

o Cost  per  Aircraft 
o Cost  per  Sortie  or 
Cost  per  Target 
Killed 

0 Cost  per  10-year 
Operations 

o Life  Cycle  Cost  per 
Aircraft 

o Aircraft  Procured 

I 
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5. 5. 1- 1  Effectiveness  FOMs  - Those  flgures-of-merit  that  quantify 
benefits  and  penalties  primarily  in  units  of  effectiveness.  Cost  con- 
siderations are  either  excluded  or  held  constant  at  some  explicit  or 
implicit  level,  e.g.,  in  a FOM  quantifying  the  effectiveness  achievable 
on  a deslgn-to-cost  basis. 

I 

5.5. 1- 2  Cost  FOMs  - Those  f igures-of-merit  that  quantify  benefits  and 
penalties  primarily  in  units  of  cost.  Effectiveness  considerations  are 
either  excluded  or  held  constant  at  some  explicit  or  implicit  level 
(e.g.,  in  a FOM  quantifying  the  cost  level  achievable  on  a flxed- 
effectiveness-deslgn  basis). 

t 

5. 5. 1- 3  Cost-Effectiveness  FOMs  - Those  f igures-of-merit  that  quantify 
overall  benefits  and  penalties  in  units  that  Include  both  cost  and 
effectiveness,  where  both  of  these  factors  vary  as  functions  of  the 
specifics  being  evaluated.  Except  within  a relatively  narrow  range  of 
variation,  one  or  the  other  of  the  variable  factors  is  usually  held 

f constant  and  optimization  is  performed  using  the  other  factor. 

5. 5. 1- 4  S/V  Trade  Parameters  - Those  pertinent  factors  to  be  assessed 
in  tradeoffs  and  selection  of  vulnerability  reduction  fixes,  such  as 
weight,  cost,  modification  manhours,  performance  changes,  maintain- 
ability, and  reliability. 

5. 5. 1- 5  S/V  Trade  Benefits  - Those  improvements  in  aircraft  survivabil- 
ity or  vulnerability  which  are  the  result  of  resources  expended,  or 
alterations  to  the  aircraft  or  its  associated  characteristics. 

5. 5. 1- 6  S/V  Trade  Penalties  - Those  resources  which  must  be  expended 

or  undesirable  alterations  to  the  aircraft  or  associated  characteristics 
which  are  required  to  obtain  survivability  enhancement. 
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5.5.2  Subfield  Term:  Merit  Rating  Systems  (MRS) 

Definition:  Methodologies,  Including  concepts,  techniques, 

and  procedures,  for  quantifying,  combining,  and  Interpreting 
f igures-of-merit . 

Explanatory  Notes:  "Merit  rating  systems"  provide  the  means 

for  combining  appropriate  flgures-of-merlt  Into  singular  mea- 
sures that  can  be  used  to  compare  or  rank  alternatives.  The 
first  step  In  this  process,  depending  upon  the  particular  ap- 
plication, may  Involve  converting  the  FOMs  into  Intermediate 
measures  such  as  penalty  or  benefit  factors.  These  factors 
are  then  combined  In  some  manner  (added,  multiplied,  etc.)  to 
yield  a merit  rating  of  an  aircraft  design  or  usage  alterna- 
tive. The  conversion  of  FOMs  into  penalty  or  benefit  factors 
allows  for  the  Incorporation  of  desirable  trends  or  boundary 
conditions  without  modifying  or  perturbing  the  basic  design 
or  usage-related  FOMs. 
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5. 5. 2- 1  Effectiveness  MRSs  - MRSs  that  center  on  effectiveness  flgures- 
of-merlt. 

5. 5. 2- 2  Cost  MRSs  - MRSs  that  center  on  cost  f Igures-of-merlt . 

5. 5. 2- 3  Cost-Effectiveness  MRSs  - MRSs  that  center  on  cost-effectiveness 
f Igures-of-merlt . 
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5.6  Topical  Field  Term:  S/V  Supporting  Data 


Definition:  Empirical  data  that  quantifies,  describes,  charac- 

terizes, or  In  some  other  respect  provides  Insight  Into  any 
aspect  of  survivability  or  vulnerability. 

Explanatory  Notes:  The  data  Itself  may  provide  the  desired 

Insight  Into  the  S/V  aspects  of  Interest,  or  results  from 
the  analysis  of  such  data  may  be  required.  This  topical 
field  Is  subdivided  as  shown  below. 


5.6.1  Subflcld  Term:  S/V  Combat  and  Teat  Data 


Definition:  Empirical  data  derived  from  observation  of 

planned  experiments,  combat  activities,  or  poat-combat 
operations. 

Explanatory  Notes:  These  data  come  from  a wide  variety  of 

sources  and  situations.  It  is  essential  to  establish  proce- 
dures ensuring  that  the  pertinent  data  are  obtained  expedi- 
tiously and  analyzed  thoroughly.  Through  proper  collection 
and  analysis,  the  various  S/V  test  and  combat  results  can  be 
defined,  described,  delineated,  distinguished,  quantified, 
and  statistically  characterized  for  further  use. 
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5. 6. 1- 1  Controlled-Daa>age  Tests  - Tests  designed  to  determine  a basis 
for  estimating  the  damage  and  failure  modes  of  a test  specimen  (compo- 
nent, subsystem,  configuration,  etc.)  without  destroying  the  specimen. 

5. 6. 1- 2  Replica  Targets  - Targets  fabricated  for  testing  which  are 
representative  of  aircraft  structures,  assemblies,  etc.  The  test  data 
on  these  targets  can  be  extrapolated  to  establish  pertinent  S/V  charac- 
teristics of  represented  parts  on  an  aircraft. 

5. 6. 1- 3  Fragment  Simulating  Projectile  - A projectile  designed  with 
special  shape  and  size  for  ballistic  test  firings  so  that  the  effect  of 
typical  fragments  from  high-explosive  shells  can  be  simulated. 

5.6.1- A  Function  Plate  - A plate,  of  varying  thickness  and  material, 
placed  in  front  of  the  test  specimen  at  different  distances,  and  is  the 
first  object  impacted  by  a test-fired  projectile.  The  plate  may  be! 

(1)  designed  to  test  the  sensitivity  of  the  projectile  fuzing;  (2) 
placed  to  determine  the  effect  of  spacing  between  the  skin  and  an  in- 
ternal unit;  or  (3)  used  to  detonate  a projectile  to  determine  the 
effect  of  damage  mechanisms  on  an  Internal  unit. 

5. 6. 1- 5  Fair  Impact  - The  result  when  an  unyawed  projectile  strikes  an 
unsupported  area  of  a ballistic  test  sample  at  an  undamaged  location 
which  is  at  least  three  calibers  away  from  a previous  impact,  hole, 
crack,  edge  of  sample,  or  spalled  area.  Only  fair  Impacts  are  permitted 
for  rounds  used  in  determining  the  ballistic  limit. 

5. 6. 1- 6  Complete  penetration  - A fair  Impact  when  the  projectile  or 
fragment  of  the  projectile  or  fragment  of  the  armor  test  sample  is 
thrown  beyond  the  rear  of  the  sample  with  sufficient  energy  to  perfor- 
ate a 0.020-inch  2024-T3  aluminum  alloy  witness  plate  placed  parallel 
to  and  6 inches  beyond  the  armor  test  sample.  This  definition  relates 
to  a "protection  ballistic  limit"  (see  5.3.2 .1.2-9) . 

5. 6. 1- 7  Partial  Penetration  - Any  fair  Impact  that  rebounds  from  the 
armor  plate,  remains  imbedded  in  the  target,  or  passes  through  the  tar- 
get but  with  insufficient  energy  to  pierce  or  cause  the  sample  to  pierce 
the  0.020-lnch-thick  2024-T3  aluminum  alloy  witness  plate.  This  defini- 
tion relates  to  a "protection  ballistic  limit"  (see  5. 3. 2. 1.2-9). 

5. 6. 1- 8  Witness  Plate  - A plate  located  behind  a test  sample  to  deter- 
mine the  extent  of  penetration  by  a projectile.  If  the  witness  plate 
evidences  any  damage,  complete  penetration  (see  5.6. 1-6)  of  the  sample 
is  accomplished;  if  no  damage  to  the  witness  plate  can  be  observed, 
only  partial  penetration  (see  5. 6. 1-7)  of  the  sample  has  occurred. 

5. 6. 1- 9  Test  Simulation  Accuracy  - A qualitative  assessment  of  the 
degree  of  similarity  between  the  test  sample  and  the  test  environment 
as  compared  to  the  element  Installed  on  the  aircraft  and  the  combat 
environment . 
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5.6.1- 10  Extrapolation  Validity  - The  degree  of  confidence  which  oust 

be  exercised  In  estimating  the  S/V  characteristics  of  an  aircraft  element 
based  on  the  test  results  obtained  from  the  test  unit. 

5.6.1- 11  Combat  Incident  - An  encounter  In  a combat  environment  during 
which  a threat  fires  upon  an  aircraft.  Evidence  of  the  threat  firing  can 
be  the  result  of  visual  observations  of  firing  or  Impacts  noticed  by  the 
aircraft  crew  during  the  encounter. 

5.6.1- 12  Combat  Hit  - A combat  Incident  that  results  in  damage  to  the 
aircraft  Involved,  caused  by  a threat  mechanism. 

5.6.1- 13  Combat  Hit  Rate  - The  percentage  of  encounters  with  threats 
firing  In  which  the  aircraft  Is  hit. 

5.6.1- 14  Combat  Loss  Rate  - A measure  of  percentage  of  aircraft  losses 
resulting  from  their  operations  In  a combat  environment.  This  term  Is 
generally  expressed  in  losses  per  thousand  sorties  - l.e.,  a loss  rate 
of  three  Is  used  to  denote  three  aircraft  losses  resulting  from 

1000  sorties. 

5.6.1- 15  Combat  Repair  Time  - The  total  time,  in  manhours  and/or  clock 
hours,  required  to  repair  a target  or  component  that  Is  damaged  by  a 
threat . 

5.6.1- 16  Combat  Loss  Ratio  - The  number  of  ground  targets  killed  per 
aircraft  loss. 
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3.6.2  Subfield  Term:  Accident  and  Flight  Safety  Data 

Definition:  Empirical  data  derived  from  reports  of  non- 

combat. related  accidents. 

Explanatory  Notes:  Accident  and  flight  safety  data  are  those 

data  gleaned  from  accident  and  flight  safety  reports  which  pro- 
vide Information  about  strengths  of  materials,  causes  of  com- 
ponent failure,  effects  of  stress,  etc. 


Q 


141(142  blank) 


ORGNNIZATIONAL  INDEX  OF  TERMS 


Sequence  No.  Term  Page 

5.1  Threats 11 

5.1.1  Threat  Characteristics 12 

5. 1.1.1  Threat  Types 13 

5. 1.1. 1- 1  Conventional  Weapon  14 

5.1. 1.1- 2  Projectile 14 

5. 1.1. 1- 3  Small  Arms 14 

5. 1.1. 1- 4  Anti-Aircraft  Artillery  (AAA)  14 

5. 1.1. 1- 5  Missile  14 

5. 1.1. 1- 6  Alr-to-Alr  Missile  (AAM) 15 

5. 1.1. 1- 7  Surface-to-Alr  Missile  (SAM) 15 

5. 1.1. 1- 8  SAM  Launch  and  Guidance  Equipment  16 

5.1.1. 1- 9  Airborne  Interceptor  (AI)  16 

5.1.1.1- 10  Warhead  16 

5.1.1.1- 11  Non-Terminal  Electromagnetic  Threats 16 

5.1.1.1- 12  High  Energy  Laser  (HEL)  16 

5. 1.1. 2 Warhead  (or  Laser)  Descriptors 17 

5. 1.1. 2- 1  Warhead  Fuze 18 

5. 1.1. 2- 2  High -Explosive  Charge  18 

5. 1.1. 2- 3  Shaped  Charge  18 

5. 1.1. 2- 4  Ball -Type  Projectile 18 

5. 1.1. 2- 5  Armor-Plerclng  Projectile  (AP) 18 

5. 1.1. 2- 6  Armor-Plerclng  Incendiary  Projectile  (AP-I)  ...  18 

5. 1.1. 2- 7  High -Explosive  Projectile  (HE) 19 

5. 1.1. 2- 8  High-Explosive  Incendiary  Projectile  (HE-I)  ...  19 

5. 1.1. 2- 9  High -Explosive  Incendiary  Tracer 

Projectile  (HE-I-T) 19 

5.1.1.2- 10  Fragmenting  Case 19 

5.1.1.2- 11  Continuous  Rod  Warhead 20 

5.1.1.2- 12  Delivered  Energy  Distribution  (DED)  20 

5. 1.1. 3 Threat  Mechanisms  21 

5. 1.1. 3- 7  Blast  22 

5. 1.1. 3- 2  Penetrator 22 

5. 1.1. 3- 3  Fragment 22 

5.1.1. 3- 4  Tracer 22 

5. 1.1. 3- 5  Incendiary 22 

5. 1.1. 3- 6  Electromagnetic  Flux 22 

5. 1.1. 3- 7  Power  22 

5.1.2  Threat  Operations  23 


143 


5. 1.2.1  Environmental  Factors 24 

5. 1.2. 1- 1  Threat  Mobility 25 

5. 1.2. 1- 2  Locational  Adaptability 25 

5. 1.2. 1- 3  Weather  Capability  25 

5. 1.2. 2 Firing/Launch  Capabilities  26 

5. 1.2. 2- 1  Initial  Reaction  Time 27 

5. 1.2. 2- 2  Firing/Launch  Envelope  27 

5. 1.2. 2- 3  Intercept  Envelope  27 

5. 1.2. 2- 4  Maximum  Effective  Range.  . . 27 

5. 1.2. 2- 5  Muzzle  Velocity.  ..........  27 

5. 1.2. 2- 6  Maximum  Slew  Rate 27 

5. 1.2. 2- 7  Maximum  Tracking  Rate 27 

5. 1.2. 2- 8  Rate  of  Fire 28 

5. 1.2. 2- 9  Threat  Firing  Modes 28 

5.1.2.2- 10  Lock-on  Boundary  28 

5.1.2.2- 11  Kinematic  Boundary  28 

5.1.2.2- 12  Dead  Zone 28 

5.1.2.2- 13  Detection  Time  .....  28 

5.1.2.2- 14  Acquisition  Time  28 

5.1.2.2- 15  Identification  Time 28 

5.1.2.2- 16  Engagement  Time 28 

5.1.2.2- 17  Time-of-Flight  ‘28 

5.1.3  Threat  Lethality  29 

5.1. 3.1  Fire  Control  Factors  30 

5. 1.3. 1- 1  Acquisition  Limit 31 

5. 1.3. 1- 2  Tracking  Error  31 

5. 1.3. 1- 3  Aiming  Error  31 

5. 1.3. 1- 4  Lead  Angle  Prediction 31 

5. 1.3. 1- 5  Prediction  Bias 32 

5. 1.3. 1- 6  Lock-on 32 

5.1. 3.1- 7  Jitter  32 

5. 1.3. 2 Trajectory  Factors  33 

5. 1.3. 2- 1  Gravity  Drop  34 

5. 1.3. 2- 2  Ballistic  Dispersion  34 

5. 1.3. 2- 3  Ballistic  Coefficient 34 

5. 1.3. 2- 4  Thermal  Blooming  34 

5. 1. 3. 2- 5  Atmospheric  Attenuation 35 

5. 1.3. 2- 6  Tumbling  35 

5. 1.3. 3 Terminal  Effects  Parameters.  . . 36 

5. 1.3. 3- 1  Projectile  Caliber  37 

5.1.3. 3- 2  Equivalent  Wei^t  of  TNT 37 

5. 1.3. 3- 3  Charge-to-Total-Welght  Ratio  37 

5.1. 3. 3- 4  Controlled  Fragmentation  37 

5. 1.3. 3- 5  Incendiary  Flash  Duration 37 

5. 1.3. 3- 6  Critical  Impact  Velocity  37 

5. 1.3. 3- 7  Fragment  Density  37 

5. 1.3. 3- 8  Static  Fragment  Spray  Angles  37 

5.1. 3. 3- 9  Initial  Fragment  Velocity 37 

5.1.3.3- 10  Total  Fragment  Initial  Velocity 37 


144 


5.1.3.3- 11  Coupling  .....  37 

5.1.3.3- 12  Flash  Blinding  37 

5.1.3.3- 13  Almpolnt  37 

5.1.3.3- 14  Energy  Pile 37 

5.1.3.3- 15  Spot  Size 38 

5.1.3.3- 16  Peak  Intensity  38 

r 5.1.3.3-17  Average  Peak  Intensity  . 38 

5.1.3.3- 18  Average  Intensity 38 

5.2  Assessment  Methodology  39 

5.2.1  Encounter  Descriptors 40 

5. 2. 1.1  Encounter  Conditions  ........  41 

5. 2. 1.1- 1  Threat  Environment  42 

5. 2. 1.1- 2  Open-Fire  Range 42 

5. 2. 1.1- 3  Target  Offset 42 

5. 2. 1.1- 4  Target  Angle  Off  42 

5. 2. 1.1- 5  Distance  to  Cross-Over 42 

5.2. 1.2  Threat  Actions 43 

5. 2. 1.2.1  Firing  Opportunities 44 

5. 2. 1.2. 1- 1  Allowable  Firing  Sector 45 

5. 2. 1.2. 1- 2  Unmask  Range  45 

5. 2. 1.2. 1- 3  Intervlslbllity 45 

5. 2. 1.2. 1- 4  Nun^er  of  Rounds  Fired  45 

5. 2. 1.2. 2 Firing  Doctrine 46 

C 5. 2. 1.2. 2-1  Barrage  Fire  47 

5. 2. 1.2. 2- 2  Fire-While-Track  47 

5. 2. 1.2. 2- 3  Shoot-Look-Shoot  47 

5. 2. 1.3  Encounter  Frequency 48 

5.2.2  Encounter  Results  Assessment  49 

5. 2. 2.1  Vulnerability  Assessment  Methodology  50 

5. 2. 2. 1.1  Vulnerability  Measures  ......  51 

5. 2. 2. 1.1- 1  Ballistic  Vulnerability 52 

5. 2. 2. 1.1- 2  Vulnerable  Area  (Ay) 52 

5. 2. 2. 1.1- 3  Component  Vulnerable  Area.  ....  52 

5. 2. 2. 1.1- 4  Component  Incremental  Vulnerable  Area 52 

5. 2. 2. 1.1- 5  Total  Target  Vulnerable  Area 52 

5. 2. 2. 1.1- 6  External  Blast  Vulnerability 53 

5. 2. 2. 1.1- 7  Interdependent  Component 53 

5. 2. 2. 1.1- 8  Total  System  Level  Redundancy 53 

5. 2. 2. 1.1- 9  Component  Redundancy  Level  54 

5.2.2.1.1- 10  Branch  Level  Redundancy.  . ..  54 

5.2.2.1.1- 11  Probability  of  Kill  Given  a Hit  (Pr/h) 54 

5.2.2.1.1- 12  Component  Probability  of  Kill  Given  a Hit.  ...  54 

5.2.2.1.1- 13  Probability  of  Kill  Given  Lock  On  (Pv/tq)*  • • • 55 

5.2.2.1.1- 14  Component  Conditional  Kill 

Probability  (Pcc/K^  ..............  55 

5.2.2.1.1- 15  Component  Non-Crltlcallty  Probability  (Pnc)*  • • 56 

5.2.2.1.1- 16  Singly  Vulnerable 56 

5.2.2.1.1- 17  Non-Singly  Vulnerable  (Multiply  Vulnerable).  . . 56 

5. 2. 2. 1.2  Vulnerability  Assessment  Techniques 57 


145 


5. 2. 2. 1.2- 1  Striking  Velocity  (Vg) 58 

5. 2. 2. 1.2- 2  Penetration  Impact  Conditions  . . 58 

5. 2. 2. 1.2- 3  Shotline 58 

5. 2. 2. 1.2- 4  Grid  Size 58 

5. 2. 2. 1.2- 5  Attack  Aspect  ......  58 

5. 2. 2. 1.2- 6  Obillqulty  Angle.  . . 59 

5. 2. 2. 1.2- 7  Equivalent  Density 59 

5. 2. 2. 1.2- 8  Blast  Scaling  59 

5. 2. 2. 2 Survivability  Assessment  Methodology 60 

5. 2. 2. 2.1  Survivability  Measures 61 

5. 2. 2. 2. 1- 1  Aircraft  Probability  of  Survival  (Pg)  62 

5. 2. 2. 2. 1- 2  Probability  of  Survival  per  Encounter  62 

5. 2. 2. 2. 1- 3  Probability  of  Survival  per  Sortie  (Psm) • . • . 63 

5. 2. 2. 2. 1- 4  Single-Shot  Probability  of  Hit  (Pssh)  

5. 2. 2. 2. 1- 5  Single-Shot  Kill  Probability  (PgSK)  

5. 2. 2. 2. 1- 6  Single  Burst  Kill  Probability  (Pre)  64 

5. 2. 2. 2. 1- 7  Expected  Combat  Lifetime 64 

5. 2. 2. 2. 1- 8  Loss  Rate 64 

5. 2. 2. 2. 2 Survivability  Assessment  Techniques  65 

5. 2. 2. 2. 2- 1  Diffuse  Target 66 

5. 2. 2. 2. 2- 2  Hit  Distribution 66 

5. 2. 2. 2. 2- 3  Total  Weapon  System  Dispersion 66 

5. 2. 2. 2. 2- 4  Round-to-Round  Correlation 67 

5. 2. 2. 2. 2- 5  Dynamic  Fragment  Spray  Angles  ...  67 

5.3  System  Response 69 

5.3.1  Damage  Processes 70 

5. 3. 1.1  Penetration 71 

5. 3. 1.1- 1  Ballistic  Impact 72 

5. 3. 1.1- 2  Ballistic  Load 72 

5. 3. 1.1- 3  Hydraulic-Ram  Effect 72 

5. 3. 1.1- 4  Bum  Through 72 

5. 3. 1.2  Blast  Effects  ..........  73 

5. 3. 1.2- 1  Blast  Loading  .....  . 74 

5. 3. 1.2- 2  Face-on  Impulse  ......  ....  74 

5. 3. 1.2- 3  Face-on  Pressure.  ..  .....  74 

5. 3. 1.2- 4  Slde-on  Impulse  74 

5. 3. 1.2- 5  Slde-on  Pressure.  ..  74 

5. 3. 1.3  Ignition 75 

5. 3. 1.3- 1  Explosion  76 

5. 3. 1.3- 2  Ignition  Source  76 

5.3.1. 3- 3  Vaporific  Flash  76 

5. 3. 1.3- 4  Hot-Surface  Ignition 76 

5. 3. 1.3- 5  Hot-Gas  Ignition 76 

5. 3. 1. 3- 6  Quenching  Distance 76 

5. 3. 1.3- 7  Flame  Velocity 76 

5. 3.1.4  Thermal  Effects  77 

5. 3. 1.4- 1  Impulse  Loading  78 

5. 3. 1.4- 2  Thermal  Shock  78 

5.3.2  Target  Lethality  Criteria  79 

5. 3. 2.1  Damage/Kill  Criteria 80 


146 


» 


I 


r 


5. 3. 2. 1.1  Damage  and  Failure  Modes  81 

5. 3. 2. 1.1- 1  Aerodynamic  Damage  82 

5. 3. 2. 1.1- 2  Critical  Components.  ....  82 

5. 3. 2. 1.1- 3  Flight  Essential  Functions  82 

5.3.2. 1.1- 4  Mission  Essential  Functions  82 

I 5. 3. 2. 1.1-5  Damage  Mode 82 

5.3.2. 1.1- 6  Damage  Mode  and  Effects  Analysis  82 

5. 3. 2. 1.1- 7  Failure  Mode  82 

5. 3. 2. 1.1- 8  Failure  Mode  and  Effects  Analysis  (FMEA)  ....  82 

5. 3. 2. 1.1- 9  Failure  Threshold 82 

5.3.2.1.1- 10  Primary  Damage  Effects  83 

5.3.2.1.1- 11  Secondary  Damage  Effects 83 

5.3.2. 1.2  Materials  Response  84 

5. 3. 2. 1.2- 1  Spalling  85 

5. 3. 2. 1.2- 2  Attached  Spall  85 

5. 3. 2. 1.2- 3  Chunk  Spall 85 

5. 3. 2. 1.2- 4  Terrace  Spall 85 

- 5. 3. 2. 1.2-5  Crack 85 

‘ 5. 3. 2. 1.2-6  retailing 85 

5. 3. 2. 1.2- 7  Punching  85 

5. 3. 2. 1.2- 8  Perforation 85 

5. 3. 2. 1.2- 9  Ballistic  Resistance  85 

5.3.2.1.2- 10  Ballistic  Limit 85 

5.3.2.1.2- 11  Vx  Ballistic  Limit  86 

5.3.2.1.2- 12  Impact  Fracture 86 

5.3.2.1.2- 13  Melting 86 

5. 3. 2. 1.3  Subsystem  Response  87 

5. 3. 2. 1.3- 1  Leakage 88 

5. 3. 2. 1.3- 2  Leak  Rate 88 

5. 3. 2. 1.3- 3  Leakage  Path  88 

5. 3. 2. 1.4  Personnel  Response  89 

5. 3. 2. 2 Physical  Descriptors  90 

5. 3. 2. 2- 1  Presented  Area  (Ap) 91 

5. 3. 2. 2- 2  Inherent  Shielding  91 

5. 3. 2. 2- 3  Skln-to-Component  Distance  91 

5. 3. 2. 3 Subsystem  Descriptors 92 

5. 3. 2. 3- 1  Pyrophoric  Fuel.  . .....  93 

i 5. 3. 2. 3-2  Lean  Limit 93 

■ 5. 3. 2. 3-3  Rich  Limit 93 

I 5. 3. 2. 3-4  Power-Boosted  Flight  Control  System 93 

5. 3. 2. 3- 5  Mechanical  Flight  Control  System  93 

5. 3. 2. 3- 6  Full  Power  Flight  Control  System  93 

I 5. 3. 2. 3-7  Fly-By-Ulre  Flight  Control  System 93 

5.3.2. 3- 8  Primary  Structure 93 

I 5. 3. 2. 3-9  Secondary  Structure 93 

I 5.3.2.3-10  Nonhomogeneous  Component  93 

I 5.3.3  Response  Measures 94 

I _ 5. 3. 3.1  Kill  Processes 95 

i I 

I 

I 

I 


I 147 

i 

I 


f? 


5. 3. 3. 1- 1  Direct  Kill  Process  96 

5. 3. 3. 1- 2  Indirect  Kill  Process  96 

5. 3. 3. 1- 3  Explosive  Disintegration 96 

5. 3. 3. 2 Kill  Levels 97 

5. 3. 3. 2- 1  Attrition  Kill 98 

5. 3. 3. 2- 2  Catastrophic  Kill  98 

5.3. 3.2- 3  Mission  Available  Kill 98 

5. 3. 3. 2- 4  Mission  Abort  Kill 98 

5. 3. 3.2- 5  Forced  Landing  Kill  98 

5. 3. 3. 2- 6  Repair  Time  Kill 98 

5.3. 3.2- 7  Mission  Limiting  Condition 98 

5.3. 3.2- 8  E-Kill 99 

5. 3. 3. 2- 9  V-Kill 99 

5.4  Survivability  Enhancement  101 

5.4.1  Aircraft  Design  Enhancement  102 

5. 4. 1.1  Signature  Suppression  103 

5. 4. 1.1- 1  Observables 104 

5. 4. 1.1- 2  Radar-Absorbent  Material 104 

5. 4. 1.1- 3  Radar  Cross-Section  Reduction  104 

5. 4. 1.1- 4  Infrared  Radiation 104 

5. 4. 1.1- 5  Infrared  Signature 104 

5. 4. 1.1- 6  Infrared  Suppressors 104 

5. 4. 1.1- 7  Acoustic  Suppression 104 

5. 4. 1.1- 8  Visual  Suppression  (Glint,  Glare)  104 

5. 4. 1.2  Vulnerability  Reduction  105 

5. 4. 1.2.1  Hardening  106 

5. 4. 1.2. 1.1  Component  Elimination  107 

5. 4. 1.2. 1.2  Component  Relocation 108 

5. 4. 1.2. 1.2- 1  Component  Separation.  ......  109 

5. 4. 1.2. 1.2- 2  Component  Concentration  109 

5. 4. 1.2. 1.2- 3  Protective  Masking 109 

5. 4. 1.2. 1.3  Component  Shielding 110 

5. 4. 1.2. 1.3- 1  Armor Ill 

5. 4. 1.2. 1.3- 2  Armor  Material Ill 

5. 4. 1.2. 1.3- 3  Armor  System Ill 

5.4.1 .2 .1.3- 4  Homogeneous  Armor  Ill 

5. 4. 1.2. 1.3- 5  Composite  Armor  Ill 

5. 4. 1.2. 1.3- 6  Solid  Armor Ill 

5. 4. 1.2. 1.3- 7  Spaced  Armor Ill 

5.4.1. 2.1. 3- 8  Transparent  Armor  Ill 

5. 4. 1.2. 1.3- 9  Integral  Armor Ill 

5.4.1.2.1.3- 10  Parasitic  Armor  Ill 

5.4.1.2.1.3- 11  Convertible  Armor  Ill 

5.4.1.2.1.3- 12  Impact  Overmatch  Armor  Material  Ill 

5.4.1.2.1.3- 13  Impact  Undermatch  Armor  Material Ill 

5.4.1.2.1.3- 14  Full  Multi-hit  Capability  Ill 

5.4.1.2.1.3- 15  Limited  Multi-hit  Capability 112 

5.4.1.2.1.3- 16  Armor  Material  Merit  Rating  112 

5.4.1.2.1.3- 17  Rachel  Net 112 


148 


5.4.1.2.1.3- 18  Tension  Web  System  112 

5.4.1.2.1.3- 19  Areal  Density 112 

5. 4. 1.2. 1.4  Component  Material  Improvement  113 

5. 4. 1.2. 2 System/Subsystem  Design  Enhancement 114 

5. 4. 1.2. 2.1  Redundancy  115 

5. 4. 1.2. 2. 1- 1  Actual  Redundancy 116 

5. 4. 1.2. 2. 1- 2  Functional  Redundancy 116 

5. 4. 1.2. 2. 2 Active  Damage  Suppression 117 

5. 4. 1.2. 2. 2- 1  Fire  Suppression  System 118 

5. 4. 1.2. 2. 2- 2  Explosion  Suppression 118 

5. 4. 1.2. 2. 3 Passive  Damage  Suppression  119 

5. 4. 1.2. 2. 3- 1  Leakage  Control 120 

5. 4. 1.2. 2. 3- 2  Leakage  Suppression 120 

5. 4. 1.2. 2. 3- 3  Gelling  Additive  120 

5. 4. 1.2. 2. 3- 4  Coagulating  Cell  120 

5. 4. 1.2. 2. 3- 5  Fuel  Tank  Inerting 120 

5. 4. 1.2. 2. 3- 6  Exhaust-Gas  Inerting  System 120 

5. 4. 1.2. 2. 3- 7  Nitrogen  Inerting  System  120 

5. 4. 1.2. 2. 3- 8  Halon  Inerting  System 120 

5. 4. 1.2. 2. 3- 9  Void  Filler  Foam 120 

5.4.1.2.2.3- 10  Reticulated  Polyurethane  Foam 120 

5.4.1.2.2.3- 11  Whiffle  Balls 121 

5.4.1.2.2.3- 12  Drip  Fence  121 

5.4.1.2.2.3- 13  Blowout  Panel 122 

5.4.1.2.2.3- 14  Fire  Resistant  Hydraulic  Fluid  122 

5.4.1.2.2.3- 15  Ballistic  Damage  Tolerant 122 

5.4.2  Aircraft  Utilization  Enhancement  123 

5. 4. 2.1  Tactics 124 

5. 4. 2. 1- 1  Nap-of-the-Earth  Flight 125 

5. 4. 2. 1- 2  Contour  Flying  125 

5. 4. 2. 1- 3  Jinking 125 

5. 4. 2. 1- 4  Threat  Avoidance 125 

5. 4. 2. 2 Countermeasures 126 

5. 4. 2. 2- 1  Electronic  Warfare  (EW) 127 

5. 4. 2. 2- 2  Electronic  Countermeasures  (ECM)  127 

5. 4. 2. 2- 3  Electronic  Deception  127 

5. 4. 2. 2- 4  Electronic  Jamming  127 

5. 4. 2. 2- 5  Electronic  Counter-Countermeasures  (ECCM).  . . 127 

5. 4. 2. 2- 6  Electronic  Decoys 127 

5. 4. 2. 2- 7  Radar  Homing  and  Warning  (RHAW) 127 

5. 4. 2. 3 Self-Defense  Systems  128 

5.4.2. 3- 1  Active  Self-Defense.  . 129 

5.5  Survivability  Enhancement  Tradeoffs 131 

5.5.1  Flgures-of-Merlt  (FOM)  132 

5. 5. 1- 1  Effectiveness  FOMs  133 

5. 5. 1- 2  Cost  FOMs 133 

3. 5. 1- 3  Cost-Effectiveness  FOMs 133 

5. 5. 1- 4  S/V  Trade  Parameters  133 

5. 5. 1- 5  S/V  Trade  Benefits  133 


5. 5.1- 6  S/V  Trade  Penalties ' 133 

5.5.2  Meric  Rating  Systems  (MRS)  134 

5. 5. 2- 1  Effectiveness  MRSs  135 

5. 5. 2- 2  Cost  MRSs 135 

5. 5. 2- 3  Cost-Effectiveness  MRSs 135 

5.6  S/V  Supporting  Data 137 

5.6.1  S/V  Combat  and  Test  Data 138 

5. 6. 1- 1  Controlled-Damage  Tests 139 

5.6.1'-2  Replica  Targets.  ................  139 

5. 6. 1- 3  Fragment  Simulating  Projectile  139 

5. 6. 1- 4  Function  Plate  139 

5. 6. 1- 5  Fair  Impact 139 

5. 6. 1- 6  Complete  Penetration  139 

5. 6. 1- 7  Partial  Penetration 139 

5. 6. 1- 8  Witness  Plate 139 

5. 6. 1- 9  Test  Simulation  Accuracy  139 

5.6.1- 10  Extrapolation  Validity  140 

5.6.1- 11  Coid>at  Incident 140 

5.6.1- 12  Combat  Hit 140 

5.6.1- 13  Combat  Hit  Rate 140 

5.6.1- 14  Combat  Loss  Rate 140 

5.6.1- 15  Combat  Repair  Time 140 

5.6.1- 16  Combat  Loss  Ratio 140 

5.6.2  Accident  and  Flight  Safety  Data 141 


130 


» 


» 


I 

ALPHABETICAL  INDEX  OF  TERMS 

Accident  and  Flight  Safety  Data 141 

Acoustic  Suppression 104 

t Acquisition  Limit  31 

Acqulstlon  Time 28 

Active  Damage  Suppression  117 

Active  Self-Defense  129 

Actual  Redundancy  116 

Aerodynamic  Damage 82 

r Aiming  Error 31 

Almpolnt 37 

Alr-to-Alr  Missile  (AAM) . ....  15 

Airborne  Interceptor  (AI)  16 

Aircraft  Design  Enhancement  .....  102 

Aircraft  Probability  of  Survival  (Ps)  62 

f Aircraft  Utilization  Enhancement 123 

Allowable  Firing  Sector  45 

Anti-Aircraft  Artillery  (AAA)  . 14 

Areal  Density 112 

Armor Ill 

Armor,  Composite Ill 

{ Armor,  Convertible Ill 

Armor,  Homogeneous Ill 

Armor,  Integral Ill 

Armor  Material.  Ill 

Armor  Material  Merit  Rating  112 

Armor,  Parasitic Ill 

f Armor-Plerclng  Incendiary  Projectile  (AP-I)  18 

Armor-Plerclng  Projectile  (AF) . ................  18 

Armor,  Solid , . Ill 

Armor,  Spaced  Ill 

Armor,  System Ill 

Armor,  Transparent Ill 

Q Assessment  Methodology 39 

Atmospheric  Attenuation  35 

Attached  Spall 85 

Attack  Aspect  58 

Attrition  Kill 98 

Average  Intensity  38 

f*  Average  Peak  Intensity 38 


151 


r 


Ball-Type  Projectile 18 

Ballistic  Coefficient  34 

Ballistic  Damage  Tolerant  122 

Ballistic  Dispersion 34 

Ballistic  Impact 72 

Ballistic  Limit 85 

Ballistic  Load 72 

Ballistic  Resistance 85 

Ballistic  Vulnerability  52 

Barrage  Fire 47 

Blast 22 

Blast  Effects 73 

Blast  Loading 74 

Blast  Scaling 39 

Blowout  Panel  122 

Branch  Level  Redundancy  . 54 

Bum  Through 72 

Catastrophic  Kill 98 

Charge,  High  Explosive 18 

Charge,  Shaped 18 

Charge-to-Total  Weight  Ratio 37 

Chunk  Spall 85 

Coagulating  Cell 120 

Combat  Hit 140 

Combat  Hit  Rate 140 

Combat  Incident  140 

Combat  Loss  Rate 140 

Combat  Loss  Ratio 140 

Combat  Repair  Time 140 

Complete  Penetration.  139 

Component  Concentration  109 

Component  Conditional  Kill  Probability  (PcC/k) 35 

Component  Elimination  107 

Component  Incremental  Vulnerable  Area  • 52 

Component  Material  Improvement 113 

Component  Non-Crltlcallty  Probability  (Pnc)  56 

Component  Probability  of  Kill  Given  a Hit 54 

Component  Redundancy  Level.  . 54 

Component  Relocation 108 

Component  Separation 109 

Component  Shielding  110 

Component  Vulnerable  Area 32 

Composite  Armor  Ill 

Continuous  Rod  Warhead 20 

Contour  Flying.  125 

Controlled-Damage  Tests  ......  139 

Controlled  Fragmentation 37 

Conventional  Weapon  14 


Convertible  Armor  Ill 

Cost-Effectiveness  FOMs 133 

Cost-Effectiveness  MRSs  ............  135 

Cost  FOMs 133 

Cost  MRSs 135 

Countermeasures  126 

Coupling 37 

Crack 85 

Critical  Components  . 82 

Critical  Impact  Velocity 37 

Damage  and  Failure  Modes 81 

Damage  Effects,  Primary  83 

Damage  Effects,  Secondary  83 

Damage/Kill  Criteria 80 

Damage  Mode  82 

Damage  Mode  and  Effects  Analysis 82 

Damage  Processes 70 

Dead  Zone 28 

Delivered  Energy  Density  (DED) 20 

Detection  Time 28 

Diffuse  Target 66 

Direct  Kill  Process 96 

Distance  to  Cross-Over 42 

Drip  Fence 121 

Dynamic  Fragment  Spray  Angles  67 

Effectiveness  FOMs 133 

Effectiveness  MRSs 135 

E-Kill 99 

Electromagnetic  Flux 22 

Electronic  Counter-Countermeasures  (ECCM)  .....  127 

Electronic  Countermeasures  (ECM) 127 

Electronic  Deception 127 

Electronic  Decoys  127 

Electronic  Jamming 127 

Electronic  Warfare  (EU) 127 

Encounter  Conditions.  41 

Encounter  Descriptors  ...  40 

Encounter  Frequency  48 

Encounter  Results  Assessment.  ....  49 

Energy  Pile  37 

Engagement  Time  .......  ...  28 

Environmental  Factors  ......  24 

Equivalent  Density.  ...  59 

Equivalent  Weight  of  TNT 37 

E^aust-Gas  Inerting  System 120 

Expected  Combat  Lifetime 64 

Explosion  76 


133 


Explosion  Suppression  118 

External  Blast  Vulnerability 53 

Extrapolation  Validity 140 

Face-on  Impulse  74 

Face-on  Pressure 74 

Failure  Mode 82 

Failure  Mode  and  Effects  Analysis  (FMEA) 82 

Failure  Threshold  82 

Fair  Impact 139 

Figures-of-Merlt  (POM) 132 

Fire  Control  Factors 30 

Fire  Resistant  Hydraulic  Fluid 122 

Fire  Suppression  System  118 

Fire-While-Track 47 

Firing  Doctrine  46 

Flrlng/Launch  Capabilities.  . 26 

Flrlng/Launch  Envelope 27 

Firing  Modes,  Threat 28 

Firing  Opportunities 44 

Flame  Velocity 76 

Flash  Blinding 37 

Flight  Essential  Functions 82 

Fly-by-Wire  Flight  Control  System  . 93 

Forced  Landing  Kill 98 

Fragment 22 

Fragment  Density 37 

Fragment  Simulating  Projectile 139 

Fragmenting  Case.  19 

Fuel  Tank  Inerting 120 

Full  Multl-hlt  Capability Ill 

Full  Power  Flight  Control  System 93 

Function  Plate 139 

Functional  Redundancy  ....  116 

Fuze,  Warhead  18 

Gelling  Additive 120 

Gravity  Drop 34 

Grid  Size 38 

Halon  Inerting  System  120 

Hardening 106 

high  Energy  Laser  (HEL)  .....  ....  16 

High -Explosive  Charge 18 

High -Explosive  Incendiary  Projectile  (HE-I)  19 

High -Explosive  Incendiary  Tracer  Projectile  (HE-I-T) 19 

High -Explosive  Projectile  (HE) 19 

Hit  Distribution.  66 


154 


Homogeneous  Armor  ....  Ill 

Hot-Gas  Ignition 76 

Hot-Surface  Ignition 76 

Hydraullc-Ram  Effect 72 

Identification  Time 28 

Ignition 75 

Ignition  Source  76 

Impact  Fracture  86 

Impact  Overmatch  Armor  Material  .....  Ill 

Impact  Undermatch  Armor  Material Ill 

Impulse  Loading  78 

Incendiary 22 

Incendiary  Flash  Duration - 37 

Indirect  Kill  Process 96 

Infrared  Radiation 104 

Infrared  Signature 104 

Infrared  Suppressors 104 

Inherent  Shielding 91 

Initial  Fragment  Velocity  37 

Initial  Reaction  Time  27 

Integral  Armor Ill 

Intercept  Envelope.  ..  27 

Interdependent  Component 53 

Intervlslblllty  45 

Jinking 125 

Jitter 32 

Kill,  Attrition 98 

Kill,  Catastrophic 98 

Kill,  Forced  Landing 98 

Kill  Levels 97 

Kill,  Mission  Abort 98 

Kill,  Mission  Available  98 

Kill  Processes 95 

Kill,  Repair  Time 98 

Kinematic  Boundary 28 

Laser,  High  Energy  (HEL) 16 

Lead  Angle  Prediction  31 

Leak  Rate  88 

Leakage  .....  88 

Leakage  Control  120 

Leakage  Path 88 

Leakage  Suppression  ....  120 

Lean  Limit.  .........  93 

Limited  Hultl-hit  Capability 112 

Locational  Adaptability  .........  25 


155 


Lock-on 32 

Lock -on  Boundary 28 

Loss  Rate 64 

Materials  Response 84 

Maximum  Effective  Range  . 27 

Maximum  Slew  Rate 27 

Maximum  Tracking  Rate 27 

Mechanical  Flight  Control  System.  ....  ....  93 

Mechanisms,  Threat 21 

Melting 86 

Merit  Rating  Systems  (MRS) 134 

Missile 14 

Missile,  Alr-to-Alr  (AAM)  15 

Missile,  Surface-to-Alr  (SAM)  15 

Mission  Abort  Kill.  ....  98 

Mission  Available  Kill 98 

Mission  Essential  Functions  82 

Mission  Available  Kill.  98 

Mission  Limiting  Condition 98 

Multiply  Vulnerable 56 

Muzzle  Velocity  27 

Nap-of-the-Earth  Flight  125 

Nitrogen  Inerting  System 120 

Nonhomogeneous  Component 93 

Non-Slngly  Vulnerable  (Multiply  Vulnerable)  56 

Non-Terminal  Electromagnetic  Threats 16 

Number  of  Rounds  Fired 45 

Obliquity  Angle  59 

Observables 104 

Open-Fire  Range  42 

Parasitic  Armor  Ill 

Partial  Penetration  139 

Passive  Damage  Suppression 119 

Peak  Intensity.  38 

Penetration 71 

Penetration  Impact  Conditions  .....  .....  58 

Penetrator 22 

Perforation  85 

Personnel  Response 89 

Retailing  ........  85 

Physical  Descriptors 90 

Power 22 

Power-Boosted  Flight  Control  System  .......  93 


1S6 


Prediction  Bias 32 

Presented  Area  (Ap) 91 

Primary  Damage  Effects 83 

Primary  Structure  93 

Probability  of  Hit,  Single-Shot  (PggH) 

Probability  of  Kill  Given  a Hit  (Pr/h) 54 

Probability  of  Kill  Given  a Hit,  Component 54 

Probability  of  Kill  Given  Lock  On  (Pr/LO) 55 

Probability  of  Survival,  Aircraft  (Pg) 82 

Probability  of  Survival  per  Encounter  62 

Probability  of  Survival  per  Sortie  (Psm) 

Projectile 14 

Projectile,  Armor-Plerclng  (AP)  18 

Projectile,  Armor-Piercing  Incendiary  (AP-I) 18 

Projectile,  Ball-Type  ......  18 

Projectile  Caliber t 37 

Projectile,  High -Explosive  (HE)  ....  19 

Projectile,  High -Explosive  Incendiary  (HE-I) 19 

Projectile,  High -Explosive  Incendiary  Tracer  (HE-I-T)  19 

Protective  Masking 109 

Punching 85 

Pyrophoric  Fuel 93 

Quenching  Distance 76 

Rachel  Net.  112 

Radar-Absorbent  Material 104 

Radar  Cross-Section  Reduction  104 

Radar  Homing  and  Warning  (RHAW) 127 

Rate  of  Fire 28 

Reduction  of  Detectables 103 

Reduction  of  Observables 103 

Redundancy 115 

Redundancy , Actual 116 

Redundancy,  Branch  Level 54 

Redundancy,  Component  Level  54 

Redundancy,  Functional 116 

Redundancy,  Total  System  Level 53 

Repair  Time  Kill 98 

Replica  Targets  139 

Elesponse  Measures 94 

Reticulated  Polyurethane  Foam  120 

Rich  Limit 93 

Round-to-Round  Correlation 67 

Rounds  Fired,  Number  of ^ 45 

SAM  Launch  and  Guidance  Equipment  16 

Secondary  Damage  Effects 83 

Secondary  Structure  . 93 

Self-Defense  Systems.  ..............  128 


157 


Shaped  Charge  18 

Shoot-Look-Shoot 47 

Shotllne 58 

Side -on  Impulse  74 

Slde-on  Pressure 74 

Signature  Reduction  105 

Signature  Suppression  103 

Single  Burst  Kill  Probability  (P^e)  64 

Single-Shot  Kill  Probability  (PgSK)  64 

Single-Shot  Probability  of  Hit  (Pssh)  63 

Singly  Vulnerablle 56 

Skln-to-Component  Distance 91 

Small  Arms 14 

Solid  Armor Ill 

Spaced  Armor Ill 

Spalling 85 

Spot  Size 38 

Static  Fragment  Spray  Angles 38 

Striking  Velocity  (Vg) 58 

Subsystem  Descriptors  92 

Subsystem  Response 87 

Sur£ace-to-Alr  Missile  (SAM) 15 

Survivability  Assessment  Methodology 60 

Survivability  Assessment  Techniques  65 

Survivability  Enhancement  101 

Survivability  Enhancement  Tradeoffs  131 

Survivability  Measures 61 

S/V  Combat  and  Test  Data 138 

S/V  Supporting  Data  137 

S/V  Trade  Benefits 133 

S/V  Trade  Parameters 133 

S/V  Trade  Penalties 133 

System  Response  69 

System/Subsystem  Design  Enhancement  114 

Tactics 124 

Target  Angle  Off 42 

Ta^'get  Lethality  Criteria 79 

Target  Offset  42 

Tension  Web  System 112 

Terminal  Effects  Parameters  • 36 

Terrace  Spall  85 

Test  Simulation  Accuracy 139 

Thermal  Blooming 34 

Thermal  Effects 77 

Thermal  Shock  78 

Threat  Actions 43 

Threat  Avoidance 125 

Threat  Characteristics 12 


) 


) 


) 


( 


158 


t 


Threat  Environment 42 

Threat  Firing  Modes 28 

Threat  Lethality 29 

Threat  Mechanisms  21 

Threat  Mobility  25 

Threat  Operations  23 

Threat  Types 13 

Threats  11 

Threats,  Non-Terminal  Electromagnetic  16 

Time-of -Flight 28 

Total  Fragment  Initial  Velocity  37 

Total  System  Level  Redundancy  53 

Total  Target  Vulnerable  Area 52 

Total  Weapon  System  Dispersion 66 

Tracer 22 

Tracking  Error 31 

Trajectory  Factors 33 

Transparent  Armor  Ill 

Tumbling 35 

Unmask  Range 45 

Vx  Ballistic  Limit 86 

Vapor  if  ic  Flash 76 

Visual  Suppression  (Glint,  Glare)  104 

V-Klll 99 

Void  Filler  Foam 120 

Vulnerability  Assessment  Methodology 50 

Vulnerability  Assessment  Techniques  57 

Vulnerability,  External  Blast  53 

Vulnerability  Measures 51 

Vulnerability  Reduction  105 

Vulnerability  Area  (Ay) 52 

Vulnerable  Area,  Component 52 

Vulnerable  Area,  Component  Incremental 52 

Vulnerable  Area,  Total  Target  52 

Warhead 16 

Warhead,  Continuous  Rod 20 

Warhead  Fuze 18 

Warhead (or  Laser)  Descriptors  17 

Weather  Capability 25 

Whiffle  Balls  121 

Witness  Plate  139 


f 


159 


c 


JTCX}/AS-74-IX)02 


United  Technologies  Corp. 

Sikorsky  Aircraft  Division 
North  Main  Street 
Stratford,  CT  06602 
Attn:  D.  Fansler/S.  Okarma 

Attn:  J.B.  Foulk 

Attn:  G.W.  Forbes 

University  of  Dayton 
300  College  Park  Ave. 

Dayton , OH  45409 

Attn:  Industrial  Security  Supervisor,  KL-S05  (R.P.  Boehmer) 

Attn:  Industrial  Security  Supervisor,  KL-505  (J.K.  Luers) 

University  of  Denver 
Colorado  Seminary 
Denver  Research  Institute 
P.O.  Box  10127 
Denver,  CO  80210 
Attn:  R.F.  Recht 

Vought  Corporation 
P.O.  Box  5907 
Dallas,  TX  75222 
Attn:  G.  Gilder  Jr.,  2-51700 

Attn:  D.M.  Reedy,  2-54244 

Uilliams  Research  Corp. 

2280  W.  Maple  Rd. 

WaUed  Lake,  MI  48088 
Attn:  Library 


' c 


